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1. Executive summary 
The University of Queensland Surat Deep Aquifer Appraisal Project (UQ-SDAAP) involves an integrated 
multidisciplinary assessment of the carbon storage potential of the Surat Basin in Queensland. The 
stratigraphy determined to be of most interest for carbon storage is described in La Croix et al. 2019b. With 
project-specific nomenclature, the main focus for injection was the “Blocky Sandstone Reservoir” (roughly 
equivalent to the Precipice Sandstone), overlying this was a “Transition Zone” and the “Ultimate Seal” 
(roughly equivalent to the Evergreen Formation). An overview is shown in Figure 1. 
This report focuses on the estimation of horizontal permeability and vertical permeabilities used in the 
different static models, and the porosity depth trends were used in the models (10 km2 static models, 
regional model and notional injection site sector model). 
It was determined that the “electrofacies” (La Croix et al. 2019c) can be categorised into three facies groups, 
each group sharing the same poro-perm characteristics using cross plots, core porosity and core water in-
situ reservoir permeability for all core plugs of all electrofacies. Group 1 contained sandstone electrofacies 
SA, the main component of the Blocky Sandstone Reservoir. Group 2 contained the remaining sandstones, 
and group 3 contained the remaining non-sand facies.  
The poro-perm cross-plot for the core data of group 1, indicated further geographic segregation within the 
group. Facies SA can further be segregated to Woleebee Creek GW4, MAR area, and the Moonie field core 
data clusters.  
For each of the above clusters, a poro-perm transform equation was created from the best fitting regression. 
Permeability logs were created using these transforms for wells with DST analysis. Average log permeability 
was then compared to DST permeability and a correction for transforms was applied to match the log and 
DST permeabilities. The resultant permeability scenarios were called the Woleebee Creek, MAR, and 
Moonie permeability scenarios. 
The Moonie permeability scenario was used for the base case model. The high case model was generated 
using Moonie core data with Vshale < 0.1 v/v. There was no direct petrophysical basis for a low case model. 
The core kv/kh ratio was derived for the different electrofacies utilising core vertical and horizontal 
permeability data from five wells. Ratios were then upscaled to the cell sizes of the static models. The 
upscaled kv/kh ratio for the electrofacies SA (Blocky Sandstone Reservoir) is ~ 0.2, an order of magnitude 
higher than the main sand in the Transition Zone (SB), and two orders of magnitude higher than the 
remaining facies.  
Depth trends for total and effective porosities were created and utilised by the different static models to 
estimate porosity in the notional injection area which is deeper than analysed wells, and to guide porosity 
population in the remaining models. 
There remains considerable uncertainty on permeability estimates at the notional injection sites because of 
the depths and distances over which estimates had to be extrapolated. Site-specific appraisal data (core, 
logs and tests) are needed. Uncertainty in injection modelling has been investigated though adopting 
scenarios and undertaking sensitivity analyses – reported elsewhere (Garnett et al. 2019).
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Figure 1 Stratigraphic terminology used to describe the core, along with the modelling zones, and a litholog from Woleebee Creek GW4. The 
dashed line represents the location of the 2D seismic data. 
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2. Petrophysical modelling of horizontal permeability 
The available permeability data for the Blocky Sandstone Reservoir, Transition Zone, and Ultimate Seal 
(Figure 1) was measured in the laboratory on core samples or interpreted from a drill stem test (DST) 
analysis. The core measurements provide permeability data at a centimetre to microscopic scale. The DST 
measurements provide an estimate of permeability at a metre or larger scale depending on its design 
(Honari et al. 2019). Since the Blocky Sandstone Reservoir is one of the Great Artesian Basin aquifers 
across most of the Surat Basin, the Office of Groundwater Impact Assessment (OGIA 2016) groundwater 
model also provides information that can be used to assess permeability. The UQ-SDAAP report Hayes et al. 
(2019a) describes how the OGIA groundwater model, together with the managed aquifer recharge (MAR) 
operational data of Origin Energy and water level observations from a series of monitoring wells, are used in 
an inverse modelling approach to estimate permeability for the Blocky Sandstone Reservoir. This 
permeability represents the bulk aquifer permeability at much larger scale than the core or DST permeability. 
The UQ-SDAAP project used the petrophysical methodology described in Figure 2 to estimate permeability 
from wireline logs. 
Figure 2 Methodology for estimating permeability from petrophysical data. 
   
The methodology can be described in more detail as follows: 
1. Convert the measured air ambient core porosity and permeability data to water in-situ reservoir 
conditions and then deduce porosity-permeability transforms 
2. Calculate permeability logs for each well using porosity logs from wireline data interpretation and the 
transforms created from step 1 
3. Calibrate the permeability logs to DST permeability data. This is performed by averaging the 
permeability curves within the DST intervals (for wells with DST data) and comparing the results with 
DST derived permeability. Corrections are then applied to the transform equations, such that the 
calculated permeability logs match with DST data 
4. From the findings of these analyses, produce high, base and low-case scenarios for estimating 
permeability in parts of the basin where there is no well data 
5. Finally, compare the log derived permeability that was calibrated with DSTs to the results of the 
groundwater inverse modelling results of the MAR area (Hayes et al. 2019a) 
Figure 3 describes the different paths taken to estimate the permeability for the UQ-SDAAP project.  
Descriptions of wireline, electrofacies are included in Appendix 3: Electrofacies – summary of characteristics. 
As shown in section 2.1, the facies can be segregated into three groups: Group 1 (SA electrofacies) from the 
core porosity-permeability cross plots, which is mainly present in the Blocky Sandstone Reservoir; Group 2 
(SB, SC, SD and SMA electrofacies)- which are mainly present in the Transition Zone; and Group 3 
(remaining electrofacies). The electrofacies SA (Group 1) were also segregated into distinctive regional 
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clusters, thus there is a separate pathway for the MAR sector model area, the Moonie field sector model 
area, and the notional injection sector model area, with regards to calculating the permeability for the Blocky 
Sandstone Reservoir. 
Each of these paths (three for the Blocky Sandstone Reservoir and one for the Transition Zone) followed the 
methodology described above, summarised in Figure 2 and described in section 2.2 below to create different 
permeability scenarios. 
Two different permeability scenarios were created for the MAR sector model from the core porosity-
permeability cross plots. Each of these scenarios were used to calculate the permeability in the 10x10 km 
sector models. To reduce an uncertainty identified in the areal distribution of these two scenarios within the 
MAR sector model area, the permeability calculated was compared with the groundwater inverse model 
permeability for the MAR sector model. The comparison also gave insight on the large-scale permeability in 
the MAR sector model area. This comparison is discussed in detail in section 2.6. Following the comparison, 
the permeability from the Modflow-PEST inversion was used to represent the permeability in the 
groundwater model that is used to simulate the pressure impact of the CO2 storage. 
For the Moonie field sector model, UQ-SDAAP created the Moonie permeability scenario as described in 
Figure 2 and sections 2.1 to 2.2.3. Due to an abundance of data, no extra petrophysical effort was needed 
for this path. 
In the notional injection sector model, a lack of data caused uncertainty regarding which of the permeability 
scenarios identified in the first two paths should be used. The two nearest areas to the notional injection 
sector model with permeability data are the Moonie field (from which the Moonie permeability scenario was 
derived) and the Leichhardt fault area in the centre of the basin, which has DST data in the Blocky 
Sandstone Reservoir. A new permeability scenario was created (central permeability scenario), matching the 
Leichhardt fault area’s DST data, as none of the permeability scenarios created from the first two paths 
matched the DST data for the Leichhardt fault area (section 2.4.2). The central permeability scenario 
generated unreasonably low permeability values for the notional injection sector model. Thus, for the 
notional injection sector model, UQ-SDAAP considered the Moonie permeability scenario to be the base 
case for modelling permeability, and the central permeability scenario to be the worst case scenario. 
The same workflow described in Figure 2 was performed for the Transition Zone (mainly Facies Group 2). 
Results are described in section 2.7. 
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Figure 3 Flow chart showing the different tracks taken to estimate permeability in the UQ-SDAAP project. 
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To incorporate the petrophysical results into the static geological models (parameterisation), the selected 
transforms, corrected to DSTs, were utilised using slightly different approaches depending on the model. For 
the various 10 km2 sector static models (La Croix et al. 2019e) and the notional injection sector static model 
(Rodger et al. 2019b), the transforms, corrected to DSTs, were applied to the porosity values in each cell in 
the various models to generate the permeability scenarios for each model cell. For the regional static model, 
permeability logs were created for all wells that had porosity curves and facies predictions using the same 
transforms. These logs were then fed into the regional static model, to populate the permeability in every cell 
using the “Gaussian Function Random Simulation” statistical population method (Gonzalez et al. 2019b).  
The following sections detail:  
• The different facies clusters of data  
• How the transforms used in modelling were determined 
• An example on selecting the best porosity-permeability transform to apply to logs 
• The calibration of the permeability logs to DST data, using the Moonie field as an example (given the 
Moonie field’s permeability equations were selected as the base case for the basin centre).  
• Comparisons with the MAR inversion model 
• Lessons learned from the DST data analysis in the Transition Zone  
• Three permeability scenarios for the notional injection sector model 
2.1 Core porosity permeability cross plots – identifying facies 
groups 
The first step in modelling permeability was to derive a relation between core porosity and core permeability 
under reservoir conditions. There are many alternative methodologies to achieve this, as described in 
Carman 1956; Timur 1968; Ahmed, Crary & Coates 1991. However, the equations developed in these 
studies are dependent on rock properties such as irreducible water saturation, grain size, pore surface area, 
and others. In the UQ-SDAAP study, the lack of information regarding these properties of the strata 
presented a challenge for utilising these types of correlations. Therefore, empirical transform equations 
unique to the stratigraphic interval of interest were created. 
Work shown in the core analysis report (Harfoush et al. 2019b) revealed that the corrections applied to 
convert core data into in-situ reservoir conditions were dependent on the facies type (see La Croix et al. 
2019a for a description of the various facies). As a result, the neural network (see La Croix et al. 2019c) 
facies output was able to be used as an input to in-situ reservoir condition corrections for wells with core data 
and facies logs. An exception to this was for core data from the Moonie field within the Blocky Sandstone 
Reservoir where permeability values were higher than 1mD. In this case, the assumption was made that they 
all belonged to core facies SA and corrected to in-situ reservoir conditions accordingly. The data was then 
cross-plotted between core porosity and core water in-situ reservoir permeability, as shown in Figure 4. The 
core data in this diagram is colour coded according to facies type. 
Figure 4 shows that facies SA exhibits generally higher permeability than the other sandstone facies, SB, SC 
and SD, as well as the heterolithic sandstone/mudstone facies SMA. Thus, UQ-SDAAP considered SA as an 
individual facies group (facies group 1), and facies SB, SC, SD and SMA as a second facies group (facies 
group 2). The remaining facies exhibited low permeability and were grouped into a third facies group (facies 
group 3).  
For the sake of simplicity, the term “permeability” in this report refers to water in-situ reservoir permeability. 
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Figure 4 Cross plot between core porosity and core water in-situ reservoir permeability colour coded by 
facies type as indicated in the colour bar at the base of the diagram. 
 
When UQ-SDAAP plotted the core porosity versus core permeability for the facies SA, three different data 
clusters were evident, each corresponding to different geographic regions of the study area. This suggests 
possible areal petrographic differences (such as minerology, texture and fabric) within the SA facies. Figure 
5 shows the core porosity permeability cross-plot for facies SA, the main sandstone facies in the Blocky 
Sandstone Reservoir. The points are colour coded according to the different geographic regions, as follows: 
1. The beige cloud represents SA plug data from the Moonie field in the southern part of the Surat Basin 
2. The red cloud represents the SA facies from the northern portion of the Surat Basin, including the MAR 
sector area. These wells are: 
a. Taroom 17 
b. West Wandoan 1 
c. Trelinga 1 
d. Chinchilla 4 
e. Kenya East GW7 
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3. The blue cloud represents SA plug data from the Woleebee Creek GW4 well in the northern part of the 
Surat Basin 
4. The black cloud represents SA plug data from the Rockwood 2 and Kogan South 1 wells, located at the 
eastern flank of the SDPD (see Harfoush et al. 2019a). These wells are geographically transitional 
between the northern and southern parts of the Surat Basin. 
Figure 5 Core porosity vs. core water in-situ reservoir permeability for the SA Facies, colour coded by 
geographic region. 
   
Each of the clusters has distinctive porosity permeability relations. The Blocky Sandstone Reservoir in the 
Moonie field, located in the southern portion of the basin, is distinctive from the northern portion of the basin. 
It has relatively lower permeability than the other clusters for the same porosity range. Moonie data also has 
a thicker cloud covering two orders of magnitude difference in permeability, suggesting potential 
heterogeneity in the SA facies for that location.  
Plugs from the Woleebee Creek GW4 well in the northern part of the Surat Basin are also distinctive from the 
remainder of the wells in the northern area. These plugs have the highest permeability for the SA facies, 
even though they are more deeply buried than other wells in the red cluster (Taroom 17, West Wandoan 1, 
Trelinga 1, Chinchilla 4 and Kenya East GW7). Moreover, the Woleebee Creek GW4 well has more core 
plugs than all the other wells combined. Thus, the Woleebee Creek GW4 data was considered to have its 
own porosity-permeability transform. 
The black cloud in Figure 5 represents the Rockwood 2 and Kogan South 1 wells. This core data was not 
used as it appeared to represent a transition between the northern region and the southern region of the 
Blocky Sandstone Reservoir. This data fits both the red cloud and the beige cloud (Moonie field data), 
without affecting the transform regression lines when they were added to each data set individually.   
 UQ-SDAAP | Integrating petrophysics into modelling 15 
 
The geographic clusters of permeability corroborate the observations from the facies analysis and the 
depositional systems work within the sequence stratigraphic framework, suggesting a separate northern and 
southern depositional centre for the Blocky Sandstone Reservoir with different provenance of sediment 
supply (La Croix et al. 2019a, 2019b and 2019c). 
2.2 Modelling permeability for the Moonie field 
The Moonie field properties (porosity and permeability) were assessed as the most representative of the 
deepest part of the basin. Due to its location in the southern part of the Surat Basin, it is possible for the 
Moonie Field to occur within the same depo-centre as the location of the notional injection site (Gonzalez et 
al. 2019a; La Croix et al. 2019b; 2019c). Thus, the core data from the Moonie field was used as an example 
to explain the process of estimating permeability from petrophysical log data. 
2.2.1 Porosity-Permeability regression equations 
The UQ-SDAAP project used Schlumberger’s Techlog software to create different regression equations for 
the core porosity-permeability relations, in particular, the “Multiwell Cross-Plot” and the “Multilinear 
Regressions” functionalities. Core permeability was cross-plotted against core porosity, and different 
regression equations were fitted to the data. Using the “multilinear regression” module, different regressions 
were created between core permeability, core porosity and volume of shale (Vshale; calculated from wireline 
logs). Linear and Swanson Regression equations were created using different scenarios, as per Table 1. A 
scenario was also considered where all sandstone facies were combined to investigate the potential for the 
core data to be described using a single transform. 
Table 1 Description of different core porosity-permeability regression scenarios for the Moonie field. The 
nomenclature in the first column are the names (from the UQ-SDAAP petrophysics database) of 
the synthetic permeability logs that were created using the regressions where “_SW” indicates 
that a Swanson Regression was used, and “_LIN” indicates that a linear regression was used. 
The second column includes description of the facies and properties used to derive the 
regression for each of the cases in the first column, CPOR is the curve name for core porosity 
and Vshale is the curve name for volume of shale.  
Scenario/Synthetic 
Permeability Curve 
Regression Description 
KHCASE1_SW, 
KHCASE1_LIN 
• All sandstone facies (SA, SB, SC, SD and SMA) grouped together.  
• Regression inputs: CPOR and Vshale 
KHCASE2_SW, 
KHCASE2_LIN 
• Regression for SA alone. Input: CPOR only. 
• Regression for SB, SC, SD and SMA together. Input: CPOR and Vshale 
KHCASE3_SW, 
KHCASE3_LIN 
• Regression for SA alone. Input: CPOR and Vshale 
• Regression for SB, SC, SD and SMA together. Input: CPOR and Vshale 
Figure 6 shows the porosity permeability cross-plot for the SA facies, with both Linear and Swanson 
regressions. This represents the regressions for the scenario KHCASE2 for facies SA. Unfortunately, the 3D 
cross-plot function in Techlog cannot display regression lines, thus it was difficult to graphically plot the 
remaining scenarios. 
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Figure 6 Core porosity permeability cross-plot for the SA facies for the Moonie field with regression lines, 
for the KHCASE2 scenario. 
 
2.2.2 Selecting the best-fitting regression 
Once the porosity-permeability transforms were plotted, the next step was calculating synthetic permeability 
curves using the different regression equations derived from the scenarios in section 2.2.1, log total porosity 
and the Vshale calculated from wireline logs. Core permeability and log derived permeability (from the same 
depths as the core) were compared to select the optimum regression curve. Table 2 shows the correlation 
and the RMSE (Root Mean Square Error) between the core and the calculated log permeability for the wells 
that had both datasets. Figure 7 shows the cross-plots between the log permeability calculated from the 
different regression equations and the core permeability.  
Table 2 Comparison between core water in-situ permeability values and log derived permeability values 
for the same plug depth. 
Synthetic permeability curve Correlation RMSE 
KHCASE1_LIN  0.6981 1.1357 
KHCASE1_SW 0.7103 1.1309 
KHCASE2_LIN 0.6882 1.1331 
KHCASE2_SW 0.6808 1.2282 
KHCASE3_LIN 0.7511 1.0384 
KHCASE3_SW 0.7143 1.1295 
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Figure 7 Cross-plots of the log derived permeability calculated from the different regression equations 
and the core water in-situ reservoir permeability at the same depths. 
 
From Figure 7 and Table 2, it can be deduced that the optimum curve was KHCASE3_LIN, as it has the best 
correlation and least RMSE, as well as a data cloud clustered around the ‘y=x’ line in the cross-plot. The 
equations for the KHCASE3_LIN regression and permeability curve are in Table 3.   
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Table 3 Permeability equations used for creating the curve KHCASE3_LIN. Vshale is volume of shale and 
PHIT is total porosity calculated from wireline logs. 
Facies Permeability equation 
SA KHCASE3_LIN = 10 ^ ( -2.30 * Vshale + 14.05 * PHIT - 0.20) 
SB, SC, SD and SMA KH CASE3_LIN = 10 ^ ( -2.35 * Vshale + 14.95 * PHIT - 1.04) 
Remaining facies KH CASE3_LIN = 0.01 mD (minimum permeability value measured in lab) 
Since the permeability equations were dependent on facies, permeability was calculated for all the wells that 
had an electro-facies prediction (MLP_NORM curve, see La Croix et al. 2019c). By far the most dominant 
facies in the Blocky Sandstone Reservoir is SA, thus permeability in the Blocky Sandstone Reservoir was 
calculated for all of the wells using the SA permeability equation. 
2.2.3 Calibrating log permeability to DST  
After calculating continuous permeability logs for wells with electrofacies, UQ-SDAAP checked whether the 
log derived values (upscaled) matched the permeability estimated from DST interpretations. This is because 
the permeability derived from DSTs represents a larger reservoir volume than permeability derived from well 
logs. This was checked by averaging the permeability logs (in case of the Moonie Field the curve 
KHCASE3_LIN) over the DST interval, using arithmetic and geometric means, and compared the product of 
permeability times thickness, kh for both methods. In case of a discrepancy, either an explanation for the 
discrepancy was found, such as a mechanical problem with the DST, or a correction was applied to the log 
permeability so that it matched the DST derived value. 
Table 4 shows the DST analysis derived permeability and the log derived permeability for wells that had both 
for the Blocky Sandstone Reservoir in the Moonie Field. Figure 8 shows a plot of kh from DST vs. kh from 
logs for wells that had both. The log derived permeability KHCASE3_LIN was multiplied by a factor of 1.0354 
to match the DST permeability. The resultant curve was labelled KHMOONIE. 
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Figure 8 Calibrating log permeability to DST permeability for the Blocky Sandstone Reservoir in the 
Moonie field. 
 
 UQ-SDAAP | Integrating petrophysics into modelling 20 
 
Table 4 Comparison between permeability derived from DST analysis and log derived permeability (KH CASE3_LIN curve). 
Well DST 
No. 
DST Analysis Comments Log Analysis 
Interval (m 
MD) 
k.h 
(mD.ft
) 
h 
(ft) 
k 
(mD) 
Selected 
Interval (m 
MD) 
h (ft) Average 
k (mD) 
Type of 
Mean 
k.h 
(mD.ft) 
MOONIE 16 1 1785.1-1794.6 158 31 5 The B.S.R. interval is from 1792 – 1836 m MD. Cannot perform comparison 
between log and DST k.h, as part of the DST interval is above Blocky Sandstone 
Reservoir. No facies are predicted for Moonie 16, thus there is no permeability for 
the top interval of the zone 
MOONIE 23 1 1774.8-1780.6 1790 19 94 • Facies were not 
predicted 
• Top part of DST in 
shaly zone 
• h should be 26.25 ft 
1774.8-1780.6 26.25 71 Geometric 1863 
MOONIE 24 1 1799.8-1805.9 27135 20 1356 • Not Used.  
• DST quality is not 
reliable (Honari et 
al. 2019a). 
• h from log is four 
times higher than h 
in DST data 
1797.7-1822.2 80.38 26.3 Geometric 2111 
MOONIE 25 1 1797.3-1803.4 1011 20 50.5 • Agreed 1797.3-1803.4 20 51.5 Geometric 1030 
MOONIE 28 1 1766.2-1769.3 2589 10 259 • No facies predicted 
• h from DST is 
calculated as 10 ft 
rather than 21 ft 
1763.9-1770.3 21 105.8 Geometric 2222 
MOONIE 33 1 1764.1-1767.1 1800 10 180 • Not used 
• Potential flow rate 
miscalculation in 
DST analysis due 
to gas phase 
1764.1-1767.1 10 11.18 Geometric 112 
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Well DST 
No. 
DST Analysis Comments Log Analysis 
Interval (m 
MD) 
k.h 
(mD.ft
) 
h 
(ft) 
k 
(mD) 
Selected 
Interval (m 
MD) 
h (ft) Average 
k (mD) 
Type of 
Mean 
k.h 
(mD.ft) 
production during 
test. 
• Top part assigned 
facies SMA. 
MOONIE 33 2 1770.2-1773.2 520 10 52 • Not used 
• Potential flow rate 
miscalculation in 
DST analysis due 
to gas phase 
production during 
test 
• Top part assigned 
facies SB 
1770.2-1773.2 10 5.84 Geometric 58 
MOONIE 33 3 1773.2-1776.3 448 10 45 • Agreed. 1773.2-1776.3 10 42.07 Geometric 421 
MOONIE 34 1 1771.7-1774.5 3747 9 416.
4 
• Not used 
• DST quality not 
reliable (Honari et 
al. 2019a) 
Questioning rate 
1771.7-1774.5 9 28.6 Geometric 257 
MOONIE 34 2 1773.9-1776.9 341 10 34 • Not used 
• Invalid DST test 
(Honari et al. 
2019a). Insufficient 
shut in time to 
reach steady state 
1773.9-1776.9 10 8.27 Geometric 83 
MOONIE 34 3 1776.9-1780.0 189 10 18.9 • Agreed. 1776.9-1780.0 10 18.9 Geometric 189 
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2.3 Summary of permeability equations for other regions/porosity-
permeability clusters 
In this section UQ-SDAAP summarises the results of performing the same workflow described in detail for 
the Moonie Field in Section 2.2, on the other porosity-permeability clusters in the other regions. Table 30 in 
Appendix 1 lists the DST intervals available for use in the UQ-SDAAP project, whether the DST intervals 
were compared to wireline logs, and if not used, the reasons for not using them. The DST comparisons are 
displayed in Appendix 2. 
Table 5 lists the permeability equations derived from core porosity permeability cross-plots and the result of 
comparing the Blocky Sandstone Reservoir log derived permeability with permeability from DST 
interpretations for the three regional clusters named MAR, Woleebee Creek and Moonie permeability 
scenarios (not to be confused with the static and dynamic models). 
Table 5 Permeability equations for the three regional permeability scenarios. 
Permeability 
Scenario 
Facies Permeability Equation 
Northern sector of 
Blocky Sandstone 
Reservoir (ed 
cluster in Figure 5). 
To be called the 
MAR Permeability 
Scenario. 
SA KHMAR = 10 ^ ( 20.02 * PHIT - 1.24 ) 
DST comparison for SA No correction was needed. Log data matched DST data. 
SB, SC, SD and SMA KHMAR = 10 ^ ( -0.67 * Vshale + 25.64 * PHIT - 4.11) 
Remaining facies KHMAR = 0.01 mD 
Woleebee Creek 
GW4 (blue cluster 
in Figure 5). To be 
called the 
Woleebee Creek 
Permeability 
Scenario. 
SA KHWCK = 10 ^ ( 11.77 * PHIT + 0.88 ) 
DST comparison for SA No correction was needed. Log data matched DST data. 
SB, SC, SD and SMA KHWCK = 10 ^ ( -0.98 * Vshale + 21.12 *PHIT - 3.83 ) 
Remaining facies KHWCK =0.01 mD 
Moonie Field 
(beige cluster in 
Figure 5). To be 
called the Moonie 
Permeability 
Scenario. 
SA KH CASE3_LIN = 10 ^ ( -2.30 * Vshale + 14.05 * PHIT - 
0.20) 
DST comparison for SA KHMOONIE = 1.0354 * KH CASE3_LIN 
SB, SC, SD and SMA KHMOONIE = 10 ^ ( -2.35 * Vshale + 14.95 * PHIT - 1.04) 
Remaining facies KHMOONIE = 0.01 mD  
Table 5 shows that for all of the permeability scenarios, the permeability of the facies in Facies Group 2 
depends on both total porosity and volume of shale. For the SA facies, the permeability in the Moonie 
permeability scenario was strongly dependent on Vshale as well as on total porosity. This was not the case for 
the two northern permeability scenarios, MAR and Woleebee Creek, respectively. Rather, these were only 
dependent on total porosity and were unaffected by Vshale. This may be because clay volume is very low in 
the northern part of the reservoir, and thus there is insufficient clay to affect the permeability. This may also 
suggest a difference in the clay content and distribution between the northern and the southern part of the 
Blocky Sandstone Reservoir, which may support a concept of two depo-centre in the Blocky Sandstone 
Reservoir. 
For the remaining facies, UQ-SDAAP assigned the value 0.01 mD, which represents the lowest measurable 
permeability that can normally be achieved in a lab. 
 UQ-SDAAP | Integrating petrophysics into modelling 23 
 
2.4 Challenges in assigning permeability scenarios to certain 
wells/areas 
2.4.1 Woleebee Creek/MAR permeability scenarios 
Figure 9 shows a map of the Blocky Sandstone Reservoir from the northern part of the Surat Basin, and the 
well locations for the cored wells on which the MAR and Woleebee Creek permeability scenarios. Note the 
following regarding the core wells that were used to generate the Woleebee Creek and MAR permeability 
scenarios:   
• The MAR permeability scenario used wells from various locations across the northern Surat Basin 
(e.g. Taroom 17, which is in the northwest of the MAR area, to Kenya East GW7, which is in the 
southeast of the MAR area) 
• The Woleebee Creek permeability scenario was characterised using only core data from one well, 
Woleebee Creek GW4, which showed uniquely high permeability values. There was no other core 
data from the MAR area that showed such high permeability values as Woleebee Creek GW4, thus 
we are uncertain about the lateral extent of high permeability sandstone to which we can assign the 
Woleebee Creek permeability scenario 
• Two of the wells used for characterising the permeability in the MAR permeability scenario (West 
Wandoan 1 and Trelinga 1) are in close proximity to Woleebee Creek GW4, and yet have different 
permeability characteristics 
• There is more core data from the Woleebee Creek GW4 well (204 core plugs in the blocky 
Sandstone Reservoir) than for all other MAR area wells combined (120 core plugs in total in the 
Blocky Sandstone Reservoir) 
The observations stated above, made it difficult to decide which permeability scenario to assign to wells in 
the MAR area. At the time of modelling permeability for the static models, the MAR permeability scenario 
was used for all wells in the MAR area except Woleebee Creek GW4. It was decided to treat Woleebee 
Creek GW4 as an anomaly unless further information suggested otherwise. Further information was gained 
through the hydrogeology inversion model discussed in section 2.6.  
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Figure 9 Map showing the northern part of the Surat Basin for the Blocky Sandstone Reservoir where 
cored wells used to derive the MAR permeability scenario equations are in red colour and the 
Woleebee Creek GW4 well used for deriving Woleebee Creek permeability scenario equations 
are in blue colour. Dashed contours are hypothetical extents for the Woleebee Creek 
permeability scenario. 
 
 UQ-SDAAP | Integrating petrophysics into modelling 25 
 
2.4.2 Permeability data from the Leichhardt Fault Area 
At the time of conducting the analysis for modelling permeability in the whole of the Blocky Sandstone 
Reservoir, no data was available for the deepest part of the basin that has been identified as the preferred 
location for notional carbon storage. In order to run dynamic simulations of carbon storage in these locations 
the static geological model required parameterisation.  UQ-SDAAP expected that the centre of the basin 
could have a porosity-permeability trend that followed: 
• The MAR permeability scenario 
• The Moonie permeability scenario 
• A transition between the two scenarios, or 
• Its own permeability characteristics 
The only permeability data available near the centre of the basin was DST data from ten wells in the 
Leichhardt Fault Area, five of which had the DST interval completely within the Blocky Sandstone Reservoir. 
These wells were: 
• Arlington 1 
• Bennett 2 
• Bennett 4 
• Bennett North 1 
• Humbug Creek 1 
Figure 10 shows a map with the wells that have core data and the wells that have DST tests in the Blocky 
Sandstone Reservoir. It also shows the polygon identifying the Leichhardt Fault Area. 
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Figure 10 Map showing wells that have core data in the Blocky Sandstone Reservoir, wells that have DST 
data in the Blocky Sandstone Reservoir and the Leichhardt Fault Area. 
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In order to select a permeability scenario most appropriate for the centre of the basin, the DST data in the 
Leichhardt Fault Area was compared with the different permeability scenarios developed. The following 
methodology was developed to do this: 
1. Perform log analysis for the wells in the Leichhardt Fault Area to calculate total porosity and Vshale 
2. Predict the facies using the neural networks (La Croix et al. 2019c), even though the wells have less 
than an optimal number of logs to ensure the accuracy of the prediction (see La Croix et al. 2019c). 
However, as the petrophysics workflow (described previously) groups a number of the facies, the 
accuracy of the resultant MLP_NORM curves based on the neural network derived facies was 
considered appropriate for the purpose 
3. Create a log permeability curve using the MAR permeability scenario, KHMAR, for the Leichhardt 
Fault Area wells; 
4. Create a log permeability curve using the Woleebee Creek permeability scenario, KHWCK, for the 
Leichhardt Fault Area wells 
5. Create a log permeability curve using the Moonie permeability scenario, KHMOONIE, for the 
Leichhardt Fault Area wells; 
6. Create four new regressions from the core porosity-permeability transformations, joining core data 
from the MAR and Moonie scenarios together, as per Table 6 
7. Create four log permeability curves using the regressions in step 6, KHLOG11_LIN, KHLOG11_SW, 
KHLOG12_LIN and KHLOG12_SW; 
8. Compare the DST data with up-scaled permeability for KHMAR, KHWCK, KHMOONIE, 
KHLOG11_LIN, KHLOG11_SW, KHLOG12_LIN and KHLOG12_SW 
9. Select the scenario that best fits the DST results 
Table 6 Description of new regressions used to characterise permeability in the notional injection sector 
Model for the Blocky Sandstone Reservoir. 
Scenario/synthetic 
permeability curve 
Regression description 
KHLOG11_LIN • Regression for SA alone. Input: CPOR only. 
• Regression for SB, SC, SD and SMA together. Input: CPOR and Vshale 
• Regression Method: Linear 
KHLOG11_SW • Regression for SA alone. Input: CPOR only. 
• Regression for SB, SC, SD and SMA together. Input: CPOR and Vshale 
• Regression Method: Swanson 
KHLOG12_LIN • Regression for SA alone. Input: CPOR and VSH. 
• Regression for SB, SC, SD and SMA together. Input: CPOR and Vshale 
• Regression Method: Linear 
KHLOG12_SW • Regression for SA alone. Input: CPOR and VSH. 
• Regression for SB, SC, SD and SMA together. Input: CPOR and Vshale 
• Regression Method: Swanson 
The match was poor between DST and the seven different permeability curves, as the permeability values 
from DST were mostly lower than the values from the seven scenarios. Thus, the permeability log was 
scaled with the best correlation and least root mean square error to match with the lower permeability from 
 UQ-SDAAP | Integrating petrophysics into modelling 28 
 
DST interpretation results. The selected permeability log was KHLOG11_SW. The corrected curve was 
named KHCENTRAL, and the permeability scenario was called the Central Permeability Scenario. 
Figure 11 shows a cross-plot of core porosity versus core permeability for the SA facies, for wells used to 
calculate the Moonie and the MAR permeability scenarios. It also shows the Swanson and Linear 
regressions used to calculate KHLOG11_SW and KHLOG11_LIN. Table 7 shows the comparison between 
the DST permeability for the wells in the Leichhardt Fault Area, and the geometric mean of KHLOG11_SW 
over the same DST interval, and remarks on why some points were not used. Figure 12 plots the 
KHLOG11_SW averages against DST averages to deduce the power relation that can be used to correct the 
log permeability to the lower DST permeability values. Table 8  shows the equations for this permeability 
scenario. 
There are many hypotheses as to why the permeability in the Leichhardt Fault Area is low compared to other 
parts of the Blocky Sandstone Reservoir. There is a high probability that these low permeability values are 
local to that area and may not represent the notional injection sector, however, UQ-SDAAP still considered 
the implications of such a low permeability scenario (low permeability Central Permeability Scenario) for the 
notional injection sector as a worst case scenario. In the regional static model (Gonzalez et al. 2019b), 
permeability curves were calculated for wells with porosity and facies curves using the Central Permeability 
Scenario equations. This scenario is flagged as a low permeability (failure or “non-feasible”) possible 
outcome. The Moonie Permeability Scenario was used to calculate the permeability in the notional injection 
sector model (Rodger et al. 2019b).   
Figure 11 Cross-plot of core porosity vs. core permeability for the SA facies, for wells used to calculate the 
Moonie Permeability Scenario and MAR Permeability Scenario, together, showing the Swanson 
and Linear regressions used to calculate KHLOG11_SW and KHLOG11_LIN. 
 
 UQ-SDAAP | Integrating petrophysics into modelling 29 
 
Table 7 Comparison between DST and KHLOG11_SW permeability values for wells in Leichhardt Fault 
Area. 
Well DST 
interval 
DST data Comments k(mD) from 
KHLOG11_SW 
k.h 
(mD.ft) 
h(ft) k(mD) 
Arlington 
1 
2115.5-
2122.5 
635.5 23 27.63 Unreliable DST quality (Honari et al. 2019a)  
Arlington 
1 
2115.5-
2122.5 
502.3 23 21.84 DST is OK to use if no other data is available.  
Petrophysics wise, 8 ft of the DST interval is SA and 
has Vshale <0.5 v/v. The rest of the interval is SMA, 
and 3 ft of sand SB with Vshale h>0.5 v/v. This raises 
uncertainty if the correct facies is selected, and if SB 
contributed to the DST results. 
Not used 
Bennett 2 1649.0-
1653.8 
923.5 10 92.35  698.7 
Bennett 4 1650-
1659.3 
491.02 24 20.46  317.4 
Bennett 
North 1 
1628.9-
1638 
991.4 17 58.3 Around 5 ft of the DST interval has high Vshale (>0.5 
v/v), yet identified as SA facies. Makes the facies 
prediction questionable. 
Not used. 
Humbug 
Creek 1 
1646.8-
1650.8 
488.4 13 37.57  427.7 
Humbug 
Creek 1 
1646.5-
1656.6 
1397.8 33 42.36 The other Humbug Creek 1 DST was used since it 
was more reliable test. (Honari et al. 2019a) 
Figure 12 Comparison between DST and KHLOG11_SW permeability for wells in the Leichhardt Fault 
Area. 
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Table 8 Permeability equations for the Leichhardt fault area wells. KHCENTRAL is the resultant curve 
after correcting KHLOG11_SW for the facies SA to DST permeability.  
Facies Permeability Equation 
SA KHLOG11_SW = 10 ^ ( 13.13 * PHIT + 0.18 ) 
DST comparison for SA KHCENTRAL = 0.0004 * (KHLOG11_SW ) ^ 1.9026 
SB, SC, SD and SMA KHCENTRAL = KHLOG11_SW = 10 ^ ( -0.99 * Vshale + 30.67 *PHIT - 3.91 ) 
Remaining facies KHCENTRAL = 0.01 mD 
2.5 Scenarios used for permeability calculation 
Table 9 shows a list of the wells for which the permeability curves and the permeability scenario used were 
calculated. Since the permeability equations depended on the facies type, permeability was only calculated 
for wells that had both a MLP_NORM (facies) and PHIT (total porosity) curve. For harmonisation, the 
resultant curves for all wells were named PERM. 
Table 9 List of wells with a PERM curve, and the permeability scenario used for calculation. 
Well Scenario Well Scenario Well Scenario 
AMOOLEE 1 MAR FERRETT 1 MAR MURILLA 1 Central 
ARLINGTON 1 Central GILIGULGUL 1 MAR MYALL CREEK 9 MAR 
AUBURN 1 MAR GLEN 1 Central NORKAM 1 MAR 
BENNETT 1 Central GUMS 1 Central OGILVIE CREEK 1 MAR 
BENNETT 2 Central HALFMOON 1 Central OGILVIE CREEK 2 MAR 
BENNETT 4 Central HERMITAGE 1 MAR PEAT 12 MAR 
BENNETT NORTH 1 Central HUMBUG CREEK 1 Central PEAT 15 MAR 
BENTLEY 1 Central KENYA EAST GW7 MAR PINE HILLS 7 MAR 
BULWER 1 MAR KOGAN SOUTH 1 Central PINEVIEW 1 MAR 
BURGOYNE 1 MAR LEICHHARDT 1 Central REEDY CREEK INJ2-P MAR 
CANEON 1 MAR MILES 1 MAR REEDY CREEK INJ4-P MAR 
CHARLIE GW2 MAR MILGARRA 1 Central RIVERSIDE 1 MAR 
CHARLOTTE GW2 MAR MOONIE 16 Moonie SCOTIA 16 MAR 
CHURCHIE 1A MAR MOONIE 21 Moonie SCOTIA 20 MAR 
CHURCHIE 3 MAR MOONIE 23 Moonie SCOTIA 9 MAR 
CHURCHIE 5 MAR MOONIE 24 Moonie SLATEHILL 1 MAR 
COMBABULA 352 MON-P MAR MOONIE 25 Moonie SPRING GULLY 16 MAR 
CONDABRI 13 MAR MOONIE 27 Moonie SPRING GULLY 22 MAR 
CONDABRI INJ2-P MAR MOONIE 28 Moonie SPRING GULLY 27 MAR 
COOCHIEMUDLO GW2 MAR MOONIE 31 Moonie SPRING GULLY 36 MAR 
DAVIDSON 1 Central MOONIE 33 Moonie SUSSEX DOWNS 1 Central 
DAYDREAM 1 MAR MOONIE 34 Moonie TALLAWALLA 1 MAR 
DEVONDALE 1 Central MOONIE 36 Moonie TAROOM 17 MAR 
DULACCA 1 MAR MOONIE 37 Moonie TASMANIA 1 Central 
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DURHAM DEEP 1 MAR MOONIE 38 Moonie TEATREE 1 Central 
DURHAM RANCH 12 MAR MOONIE 39 Moonie TRELINGA 1 MAR 
DURHAM RANCH 23 MAR MOONIE 40 Moonie WEST WANDOAN 1 MAR 
DURHAM RANCH 29 MAR MOONIE 41 Moonie WILLAROO 1 Central 
DURHAM RANCH 57 MAR MOONIE 42 Moonie WOLEEBEE CREEK 
GW4 
Woleebee 
Creek 
DURHAM RANCH 61 MAR MOONIE 43 Moonie   
EDENDALE 1 Central MOONIE 44 Moonie   
2.6 Comparing petrophysical permeability with hydrogeology 
inversion permeability 
In addition to the permeability scenarios for the UQ-SDAAP being calibrated with DST data, a separate 
dataset was used to assess permeability at the regional scale. The UQ-SDAAP report on MAR inversion 
modelling (Hayes et al. 2019a) used a single phase groundwater flow model for the Blocky Sandstone 
Reservoir in the northern depositional centre and simulated 2.5 years of MAR injection. The method used a 
‘Modflow-PEST inversion’, controlled by water level data from a number of monitoring bores to generate an 
estimate of permeability (with uncertainty) for the Blocky Sandstone Reservoir. These results can be 
compared with the petrophysics derived permeability described in this report. The following sections explain 
in detail our findings. 
Figure 13 (left) shows a horizontal permeability map for the Blocky Sandstone Reservoir, created from the 
Modflow-PEST inversion. Details on how the map was created are in Hayes et al. 2019a. The points on the 
inversion map show the location of the wells where UQ-SDAAP calculated PERM curves, with the values of 
permeability for that location also extracted from the Modflow-PEST inversion map. 
For comparison, on the right-hand side of Figure 13, is a map showing the borders of the Blocky Sandstone 
Reservoir, with the wells that have PERM, and the average value of the PERM curve (from petrophysics) for 
each well over the Blocky Sandstone Reservoir thickness. 
Highlights from this comparison includes: 
1. Most of the Modflow-PEST inversion permeability values are higher than averages derived from of the 
PERM curve 
2. The Modflow-PEST inversion permeability values in the Spring Gully/ Durham Ranch Area (north-west 
of the MAR sector area) are extremely high, in excess of 10,000 mD. This may be due to the Blocky 
Sandstone Reservoir in the Spring Gully/Durham Ranch Area being fractured, and thus dramatically 
increasing the bulk permeability relative to the matrix permeability observed by petrophysical analysis. 
(APLNG 2017). Some care is needed when comparing permeability values from the Modflow-PEST 
inversion and the petrophysics averages, as: 
a. The Modflow-PEST inversion methodology uses a limited number of water level data from 
observation bores. The inversion accuracy diminishes, particularly outside the region of 
observations. When comparing petrophysical and Modflow-PEST inversion values we take account 
of the inversions’ estimated confidence intervals 
b. The inversion method also makes a number of assumptions about the response of the Blocky 
Sandstone Reservoir and adjacent units to pressure changes (detailed in Hayes et al. 2019a) 
c. Comparison also requires interpolation by Kriging between the pilot point locations where 
permeability is estimated by the Modflow-PEST inversion 
The inversion map does not extend far south of the MAR area, due to lack of observation bores.
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Figure 13 Left: A Horizontal permeability map from the hydrogeology MAR inversion. Right: Map of horizontal permeability from petrophysics. Both 
maps represent the Blocky Sandstone Reservoir. 
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Figure 14 illustrates a comparison between the petrophysics and Modflow-PEST inversion derived 
permeability values together with the inversion confidence interval. The petrophysics-based permeability 
values are represented as orange dots, with best-estimate (best-case) inversion values as blue dots. The 
inversion confidence range between P95 and P05 is shown as the shaded area. The petrophysics-based 
permeability values are calculated using the petrophysics permeability equations (MAR, Woleebee Creek or 
Central) as described in Table 9. 
The variability of the inversion confidence is illustrated in the vertical extent of the shading: a thinner shaded 
area means higher confidence, a thicker shaded area means less confidence and higher uncertainty. The 
graph is arranged to show wells in confidence interval order, from wells with highest confidence to wells with 
greatest uncertainty. 
It is clear from Figure 14, that many of the petrophysics based permeability values are lower than the 
inversion permeability even when also considering the uncertainty range. Due to the differences in methods 
and scales of permeability sampled we might not expect petrophysics-based values to match the best-case 
inversion. However, we may hope that the petrophysics-based values fall within the certainty range of the 
inversion, especially where the confidence interval is large. 
This difference could be due to calculating the PERM curve using an inappropriate petrophysical 
permeability scenario. To evaluate this, the permeability for the wells was calculated using both the MAR and 
Woleebee Creek petrophysics permeability scenarios to see which scenario best matches the Modflow-
PEST inversion permeability. The averages were plotted with the inversion data. Figure 15 shows the 
comparison of all these averages with the inversion permeability certainty range. It also shows the DST 
permeability if the DST is conducted in the Blocky Sandstone Reservoir for the well. 
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Figure 14 Graph comparing the petrophysics derived permeability values for the Blocky Sandstone Reservoir with  the Modflow-PEST inversion 
derived permeability with its certainty range. 
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Figure 15 Graph comparing the Modflow-PEST inversion derived permeability certainty range with the petrophysics-derived permeability calculated 
using the MAR, Woleebee Creek and Central permeability scenarios, as well as the interpreted DST permeability for each well. 
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2.6.1 Comparison results 
The following was observed when plotting the averages of the different permeability scenarios on a graph: 
1. There are nine wells where the MAR permeability scenario was the nearest to the Modflow-PEST 
inversion best-case permeability value 
2. Two of the wells we used to create the petrophysics derived MAR permeability scenario (West 
Wandoan 1 and Kenya East GW7), have the Woleebee Creek permeability scenario values best 
match the Modflow-PEST inversion best-case permeability value. The petrophysics derived MAR 
permeability scenario values for these wells, lie inside the certainty range of the Modflow-PEST 
inversion permeability. This raises a question on whether the plugs chosen for measuring 
permeability in West Wandoan and Kenya East GW7 missed higher permeability parts of the Blocky 
Sandstone Reservoir, or if the “best-value” Modflow-PEST inversion permeability values need to be 
recalculated using modified parameters. In the case of these two wells, we kept the MAR 
permeability scenario values 
3. Only one well, Teatree 1 had the Central permeability scenario as the best match for the Modflow-
PEST inversion best-case permeability. The value of the Central permeability scenario average for 
Teatree 1, however, lies near the P95 value of the Modflow-PEST inversion permeability. Since no 
other well had the Central permeability scenario value as the best match, we selected the second-
best match (the MAR permeability scenario) for Teatree 1 to represent the permeability scenario for 
the well 
4. The interpreted DST permeability values for the Blocky Sandstone Reservoir from wells in the 
Leichhardt Fault Area are also lower than the Modflow-PEST inversion permeability certainty range, 
as well as the Central permeability scenario values for the same wells. There might be more than 
one cause for such discrepancy, including: 
a. The Leichhardt Fault Area lies in a region where there is less data control for the inversion 
map 
b. The probability of having two depo-centres for the Blocky Sandstone Reservoir, thus 
different parameters should be assigned to the Leichhardt fault area 
c. The Leichhardt Fault Area may be subject to diagenetic processes, having a localised 
reduction in permeability that does not affect the large scale bulk permeability 
5. After selecting the best matching permeability scenario for each well, the MAR permeability scenario 
was assigned to only 12 wells, while the Woleebee Creek permeability scenario was assigned to 39 
wells. This is an important finding, as in the current model, it was assumed that the MAR 
permeability scenario is the main scenario for the MAR area and that the Woleebee Creek 
permeability scenario is an exception for the Woleebee Creek region 
6. UQ-SDAAP still have 11 wells in the Durham Ranch/Spring Gully area that have Modflow PEST-
inversion permeability much higher than petrophysics based permeability due to fracturing. 
(AUSTRALIA PACIFIC LNG 2017) 
7. UQ-SDAAP still have ten wells for which the best matching permeability scenarios are less than the 
Modflow-PEST inversion permeability certainty range 
Figure 16 shows the graph comparing the Modflow-PEST inversion permeability certainty range with the 
permeability of the best-matching petrophysical permeability scenario. In this case, more wells have the 
permeability value within the Modflow-PEST inversion certainty model. 
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Figure 16 Graph showing Modflow-PEST inversion permeability certainty range, the Modflow-PEST inversion permeability best-case value, and the 
best-matching petrophysical model permeability value. 
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The best match petrophysics-derived permeability values were used to calculate the ratio between the 
Modflow-PEST inversion and petrophysics-derived permeabilities. These ratios were then plotted graphically 
and spatially on a map to discern trends. 
Figure 17 presents the graph of Modflow-PEST inversion confidence, Modflow-PEST inversion permeability 
best-case values, the best-matching petrophysical model permeability values, and the log10 of the ratio 
between values. On this plot we reorganised the wells in ratio order, from lowest to highest ratio. The plot 
shows the majority of estimates to be within an order of magnitude. The main exceptions are the wells in the 
Durham Ranch and Spring Gully Area where the petrophysical analysis has not been able to account for 
what we are assuming to be the fractured nature of the sandstone. 
Figure 18 shows a map of the Modflow-PEST inversion to log permeability ratios in values, as well as the 
type of petrophysical permeability scenario used, as the colour of the symbol.  
From the map in Figure 18 we can conclude that the Woleebee Creek permeability scenario is the dominant 
scenario matching the Modflow-PEST inversion permeability in the MAR area, and that wells with the 
petrophysics MAR permeability scenario being the best match are generally located at the eastern flank of 
the Blocky Sandstone Reservoir. This might be related to the depositional sources in the basin, however 
further studies are needed to identify the reason of such a distribution. The Modflow-PEST inversion 
permeability in the Spring Gully/Durham Ranch area is high due to what is assumed to be fracturing.  
Apart from the wells in the Spring Gully/Durham Ranch area, there are 11 wells that still have permeability 
lower than the Modflow-PEST inversion permeability regardless of the permeability scenario, even though 
the ratio is within one order of magnitude. The next step is to find a relation that would connect each of the 
petrophysics permeability scenarios with the Modflow-PEST inversion model. 
2.6.2 Discussion and conclusion 
The result of the MAR inversion modelling (Hayes et al. 2019a) demonstrated that extremely high bulk 
permeability is required for the Blocky Sandstone Reservoir in order to get the model to converge on a 
solution that matches the observation well data.  These permeabilities are higher than the ranges considered 
from the petrophysics, core and DST data. Part of this difference is hypothesised to be related to upscaling 
(the MAR inversion represents a much larger reservoir volume than petrophysics, core or DST data) and part 
of the difference may be related to a dual permeability system with both matrix permeability (observable by 
petrophysics) and a fracture permeability not observable by petrophysics. 
This comparison was performed after finalising the regional static model (Gonzalez et al. 2019b). In order to 
complete the UQ-SDAAP objectives within the timeframe of the project it was critical to lock in the Regional 
Static Model with the permeability data calculated from the MAR and Woleebee Creek permeability 
scenarios as stated in section 2.5. However, due to the importance of the insights given by MAR inversion 
modelling, we replaced the petrophysics-based permeability with the Modflow-PEST inversion permeability in 
the groundwater model that examines the regional pressure effect of the CO2 injection on the regional scale 
(Hayes et al. 2019b), for the area that the MAR inversion covered (basically the MAR Region). 
The following subsection investigates a calibration between the MAR inversion permeability output with the 
petrophysics to help further understand the relation between the petrophysics and MAR inversion 
permeability. Note that we should not neglect the uncertainties with the Modflow-PEST inversion model itself. 
The inversion model had many built-in assumptions.  It only considered the Blocky Sandstone Reservoir and 
did not consider the pressure contributions of the Transition Zone, or the pressure contributions of strata 
below the sub-Surat unconformity. It also did not take into account all of the other stressors in the system 
that could be contributing to the pressure signature. Such uncertainties are put into consideration when 
comparing the Modflow-PEST model outcomes with petrophysical outcomes. The Modflow-PEST inversion 
is used as a guide for estimating/understanding permeability at basin scale rather than a correction to the 
petrophysics-based permeability.
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Figure 17 Graph showing Modflow-PEST inversion permeability certainty range, the Modflow-PEST inversion permeability best-case values, the 
best-matching petrophysical model permeability values, as well as the ratio between best-case inversion permeability to petrophysics-
based (log) permeability. 
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Figure 18 Map showing the Modflow-PEST inversion permeability to petrophysics-based permeability ratio 
(values) for different wells, as well as the petrophysics permeability model best matching the 
Modflow-PEST inversion best-case permeability (colour). 
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Relation between the Woleebee Creek permeability scenario and Modflow-PEST inversion 
permeability: 
Plotting the Woleebee Creek permeability scenario values against Modflow-PEST inversion permeability, as 
in Figure 19, we derived a power relation linking both permeabilities, as per Equation 1 below.  
Equation 1 
𝐼𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 0.2206 ∗ (𝑃𝑒𝑡𝑟𝑜𝑝ℎ𝑦𝑠𝑖𝑐𝑠 𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦1.3537) 
Figure 19 Graph showing the relation between Modflow-PEST inversion permeability and the Woleebee 
Creek petrophysics permeability scenario. 
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Relation between the MAR permeability scenario and the Modflow-PEST inversion permeability: 
Plotting the MAR permeability scenario values against the Modflow-PEST inversion permeability, (Figure 20), 
shows that there is no correlation. Thus, we can correct the petrophysics permeability curve of each well that 
uses the MAR permeability scenario by the Modflow-PEST inversion to petrophysics ratio for that well, as per 
Table 10 below. 
Figure 20 Graph showing the relation between the Modflow-PEST inversion permeability and the MAR 
petrophysics permeability scenario. 
 
Table 10 Modflow-PEST inversion to petrophysics ratio for wells that use the MAR permeability scenario. 
Well Ratio 
COOCHIEMUDLO GW2 0.24 
TEATREE 1 0.39 
SCOTIA 9 0.41 
PINE HILLS 7 0.48 
SCOTIA 20 0.54 
TRELINGA 1 0.73 
PEAT 15 0.80 
FERRETT 1 0.85 
PINEVIEW 1 0.94 
SCOTIA 16 0.96 
PEAT 12 1.60 
KENYA EAST GW7 1.77 
WEST WANDOAN 1 2.43 
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Relation between petrophysics permeability and Modflow-PEST inversion permeability in the Spring 
Gully/Durham Ranch Area: 
In the Spring Gully/ Durham Ranch Area, the Modflow-PEST inversion permeability is extremely high with an 
average of 155,000 mD required in order for the model to fit the observed pressure responses. Petrophysics-
wise this value seems unrealistic and suggests that there must be permeability enhancement via a fracture 
network that is not detectible from the petrophysics. DST data from the Spring Gully/Durham Ranch Area is 
needed to verify such high values. 
2.7 DST permeability in the Transition Zone 
Having segregated facies SA into three different geographically related facies groups, the same segregation 
was performed for the facies of facies group 2, using the plugs from those geographical locations only to 
identify the porosity-permeability equation for facies group 2. The permeability equations deduced from the 
core porosity-permeability transforms for facies group 2 are summarised in Table 5 in section 2.3 above. 
A total of 35 wells have 40 DSTs that were conducted entirely in the Transition Zone. However, only five of 
these wells have the curve MLP_NORM (facies) predicted. It is important to know the facies when calculating 
permeability in the Transition Zone, as we grouped the facies into three groups with different permeability 
equations, and two of these groups (facies group 2 and facies group 3) can all be present in the Transition 
Zone. Thus, we were able to compare only the DST results with petrophysics permeability for five wells, 
including two wells from the Moonie Field. 
Table 11 shows the DST comparison for the five wells. There are four different permeability scenarios from 
which we calculated the log permeability- Woleebee Creek, MAR, Moonie and Central permeability 
scenarios. The permeability in all wells best matched the Moonie permeability scenario, except for Trelinga 
1, for which the DST permeability matched the Woleebee Creek permeability scenario.  
Table 11 Comparison between DST and log derived permeability in the Transition Zone. 
Well DST interval DST data Scenario 
used 
k.h. from logs 
(mD.ft)  
k.h 
(mD.ft) 
h(ft) k(mD) 
MERRIT 1 1269.0 - 1289.0 747.1 15 49.81 Moonie  948.2 
MOONIE 31 1728.7 -1733.3 28 15 1.9 Moonie  35.3 
MOONIE 39 1719.0 - 1735.1 4109.7 53 77.5 Not Used. MTR not clear in 
DST analysis (log-log plot) 
PINEVIEW 1 1340.2 – 1342.0 5.03 5.9 0.85 Moonie  3.35 
TRELINGA 1 982.0 – 1002.0 0.71 65.6 0.01 Woleebee 
Creek  
0.62 
We conclude that we can use the permeability equation of Facies Group 2 from the Moonie permeability 
scenario as the base-case for the entire region, and the permeability equation of Facies Group 2 from the 
Woleebee Creek permeability scenario as the low-case. 
There are DSTs in the Transition Zone that have relatively high permeability values; however we did not 
compare them with permeability from logs. Examples for such wells are included in Table 12. We noticed 
that within the Moonie field, where DSTs are tested in similar intervals with similar Vshale and porosity values, 
some DSTs show higher permeability values than others. This suggests the presence of fractures, or 
changes in rock fabric, grain size, etc. A dual permeability model may also be responsible, however, more 
data is needed to confirm the reason for this difference in permeability. Other wells with high DST 
permeability in the Transition Zone are from the Brigalow Creek 1 and Bennett 1 wells. 
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These relatively high permeability values are an indicator that high-permeability sandstones are present in 
the Transition Zone over the region, especially the bottom-most part of the Transition Zone. These 
sandstones produce hydrocarbons in areas like the Moonie Field (56 Sand) and the Boxvale Sandstone. 
This creates a major uncertainty about the permeability of the sands in the Transition Zone at the notional 
injection site. We could reduce this uncertainty via performing a DST test in the Transition Zone in the 
appraisal program, as well as extensive core testing, measuring air permeability, Klinkenberg permeability 
and overburden permeability for core plugs at constant intervals throughout the Transition Zone. 
Table 12 Table showing wells with high DST permeability in the Transition Zone. The Value of estimated 
permeability ‘k’ is an estimate as we were unable to accurately determine the thickness ‘h’. 
Well DST interval 
(m MD) 
DST 
k.h 
(mD.ft) 
Estimate 
DST k 
(mD) 
Comment 
Brigalow Creek 1 1676.4- 1685.5 4782 265.7 DST quality is not reliable. (Honari et al. 
2019a) 
Bennett 1 1651.0- 1659.0 12389 476.5 • DST quality is not reliable. (Honari 
et al. 2019a) 
• Facies prediction not reliable 
(predicting facies SA in between 
stratigraphic lines MFS1 – TS1) 
• DST comingled from the Transition 
Zone and Blocky Sandstone 
Reservoir 
• However, the arithmetic mean for 
core air permeability in the 
Transition Zone is 178 mD 
Moonie 20 1721.2-1733.7 7805 190 DST quality is not reliable. (Honari et al. 
2019a) 
Moonie 29 1723.6-1728.2 1608 107 • Facies not predicted 
• However, the well shares similar 
porosity and Vshale values with other 
wells of lower DST permeability 
values (an order of magnitude less) 
2.8 Permeability of the Blocky Sandstone Reservoir in the UQ-
SDAAP notional injection sector model 
In the regional static model, the permeability was populated from permeability curves PERM, that were 
based on the four permeability scenarios MAR, Woleebee Creek, Moonie and Central as discussed in 
sections 2.2 and 2.3 above. However, for the notional injection sector model we considered that the Moonie 
permeability scenario is referred to as a “base-case” scenario for the Blocky Sandstone Reservoir. 
2.8.1 Base case permeability 
The Moonie permeability scenario was calculated from core total porosity and shale volume. The notional 
injection sector model was developed based on effective porosity. Thus, the permeability equation has been 
edited by substituting PHIT with PHIE (effective porosity) to be used in the notional injection sector model, as 
per Equation 2 below.  
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Equation 2 
PERM = 1.0354 ∗ (10−2.30∗VSH+14.05∗PHIE−0.07668299) 
2.8.2 High case permeability 
The average Vshale in the wells around the area selected for the notional injection sector model is nearly 0.1 
v/v. There is a possibility that in the centre of the basin we have cleaner sand (La Croix et al. 2019b and 
2019c) and thus an average Vshale of less than 0.1 v/v. For this reason, we created a core porosity – 
permeability regression using only core plugs with Vshale less than 0.1 v/v, as shown in Figure 21. The 
resultant permeability equation is as per Equation 3 below. 
Figure 21 Core porosity permeability cross plot for the Moonie Field, SA facies, filtered for Vshale < 0.1 v/v. 
 
Equation 3 
PERM_HIGH_CASE = 10 (7.45 ∗ PHIE+ 0.91) 
2.8.3 Low case permeability 
We did not find a petrophysical basis to set a low case permeability scenario. Thus, a statistical low case 
scenario was created by dividing the values of permeability in the base-case scenario in half (Rodger et al. 
2019b and 2019f). 
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3. Estimating vertical permeability (kv) 
Vertical permeability at the reservoir scale has a critical role to play with regards to accurately determining 
the vertical migration characteristics of CO2 and transmission of pressure in dynamic reservoir models. 
Vertical permeability is normally roughly perpendicular to bedding and thus even thin beds of low 
permeability material can greatly affect the vertical permeability. Availability of vertical permeability data was 
limited to core data from five wells, and different approaches were taken to derive upscaled vertical to 
horizontal permeability (kv/kh) ratios (reservoir scale) from these core data (plug scale). 
Several challenges were faced during the process. These challenges were mainly: 
• Facies were considered to be internally homogeneous having a single lithology, except for two (SMA 
and SMB), which are heterolithic sandstones and mudstone (La Croix et al. 2019a, 2019c). Thus 
vertical permeability of individual beds contributed to an upscaled vertical value. For these 
heterolithic facies the kv/kh differed between the sandstone layers and mudstone layers composing 
the facies. The overall kv/kh depended on the percentages of each lithology across the vertical 
distance for which the permeability was calculated. This required a different upscaling approach for 
kv/kh from the method used for calculating upscaled kv/kh for the homogeneous facies. 
• Some facies did not have representative vertical and /or horizontal core plugs. These facies were 
assigned values from the most similar facies that did have core plugs. 
• Some plugs had both vertical and horizontal permeability measurements, while other plugs had only 
vertical or only horizontal measurements. Different approaches had to be used to accommodate for 
these differences. 
• Due to sample insufficiency, we were unable to make an overburden correction for vertical 
permeability using the measured overburden vertical core permeability. Thus core kv/kh were 
calculated from the ambient air vertical and horizontal permeability measurements. 
3.1 Core kv/kh data 
The following wells in Table 13 had vertical and horizontal permeability core data as well as a facies 
classification assigned to them. 
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Table 13 Core data available for calculation of kv/kh. 
Well Number of plugs Facies predicted or 
observed? 
Comments 
Chinchilla 4 13 plugs Cored well, observed 
facies 
Plugs with vertical permeability 
also have horizontal permeability 
measured 
Taroom 17 14 plugs Cored well, observed 
facies 
Plugs with vertical permeability 
also have horizontal permeability 
measured 
Mindagabie 1 6 plugs Facies predicted from 
5 logs 
Plugs with vertical permeability 
also have horizontal permeability 
measured 
Moonie 31 78 plugs Facies predicted from 
4 logs 
Plugs with vertical permeability 
also have horizontal permeability 
measured 
Woleebee Creek GW4 178 vertical 
372 horizontal 
Cored well, observed 
facies 
Plugs have either vertical or 
horizontal permeability 
measurements. 
The first step in calculating kv/kh from core data was a quality check of the measurements. Some plugs were 
eliminated because their kv/kh was greater than one. Some were eliminated because they were outliers 
within their own facies group and we assumed that the electro-facies identification was incorrect. Figure 22 
and Figure 23 illustrate examples of the elimination process. Table 14 shows the number of plugs for each 
facies after quality control.  
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Figure 22 Excluding outliers from a kv - kh cross-plot. 
 
Figure 23 Excluding data where kv>kh (points in the polygon above the y=x line marked in red). 
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Table 14 Core data per facies. 
Facies Chinchilla 4 Mindagabie 1 Moonie 31 Taroom 17 Total 
(four wells) 
Woleebee 
Creek GW4 
SA 3 0 36 6 45 95 Vertical 
200 Horizontal 
SB 0 0 19 2 21 26 Vertical 
52 Horizontal 
SC 0 0 1 0 1 10 Vertical 
22 Horizontal 
SD 0 0 0 0 0 0 
SMA 3 3 11 0 17 16 Vertical 
37 Horizontal 
SMB 0 0 0 0 0 19 Vertical 
36 Horizontal 
MA 0 0 3 0 3 12 Vertical 
25 Horizontal 
MB 0 0 0 0 0 0 
OA 0 0 0 0 0 0 
OB 0 0 0 0 0 0 
Total  6 3 70 8 87 178 Vertical 
372 
Horizontal 
3.2 Homogeneous facies consisting of a single lithology 
Different approaches were taken to calculate kv/kh according to the assigned facies and to whether or not 
plugs had both horizontal and vertical permeability measurements. From a facies perspective, heterolithic 
facies such as SMA and SMB were treated differently from homogeneous facies. Figure 24 shows the 
method for estimating upscaled kv/kh for the homogeneous facies, used in parameterizing the various static 
geological sector models. 
Two different methods were used to calculate core kv/kh for the homogenous facies: using cross-plots and 
histograms. 
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Figure 24 Workflow for estimating upscaled kv/kh ratios for single lithology facies. 
 
3.2.1 Method 1: Using cross-plots 
The cross-plot method was suitable for the core plugs which had both horizontal and vertical permeability 
measurements on the same plug. The following steps were taken to calculate core-based kv/kh using the 
method (Figure 25): 
1- Plot horizontal permeability (kh) versus vertical permeability (kv) for core plugs by facies for different 
wells and for all wells together 
2- Create a linear regression for each facies dataset with a fixed unit slope 
3- Calculate kv/kh based on the y-intercept of the regression line 
Get kv/kh for each facies 
from core data
Apply ratios to 
horizontal permeability 
logs to create vertical 
permeability logs
Upscale horizontal and 
vertical permeability 
logs to grid cell scale
Get means for upscaled
horizontal and vertical 
permeability for each 
facies
Arrive at kv/kh for the 
macroscopic scale 
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Figure 25 Method for calculating kv/kh from cross-plot.  
 
3.2.2 Method 2: Histograms 
The histogram method was applied for all core plugs, including those from Woleebee Creek GW4, which had 
vertical and horizontal permeability data measured on different plugs. The core kv/kh was calculated using 
the following steps: 
1. Plot a histogram of horizontal permeability (kh) for each facies, for the different wells and all wells 
together 
2. Plot a histogram of vertical permeability (kv) for each facies, for the different wells and all wells 
together 
3. Calculate the mean value for kv and the mean value for kh from the histograms for each case 
4. From those means, calculate kv/kh 
The kv/kh values for each facies from the different methods were compared, and the mean, P90 and P10 
were calculated from those values. Table 15 compares the results for core kv/kh from both methods. One of 
the datasets used in both methods was a dataset containing all wells with the exclusion of Moonie 31. This 
was because Moonie 31 facies were predicted using a suite of only 4 wireline logs (less accurate). However, 
this allowed us to test the influence of Moonie 31 on the results. 
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Table 15 The kv/kh ratio estimation results for single lithology facies from the different methods. 
Method SA SB SC MA 
Cross Plot - All wells together 0.240 0.431 - - 
Cross Plot - All wells except Moonie 31 0.284 - - - 
Cross Plot - CHINCHILLA 4 0.428 - - - 
Cross Plot - TAROOM 17 0.231 0.800 - - 
Cross Plot - MOONIE 31 0.230 0.404 - 0.165 
Histogram - All wells together 0.486 0.697 0.455 0.260 
Histogram - All wells except Moonie 31 0.562 - - - 
Histogram - WOLEEBEE CREEK GW4 0.585 0.417 0.279 0.043 
Histogram - CHINCHILLA 4 0.517 - - - 
Histogram - TAROOM 17 0.284 - - - 
Histogram - MOONIE 31 0.214 0.475 0.218 0.303 
Number of wells involved 4 3 2 2 
P90 0.230 0.410 0.230 0.080 
Mean 0.369 0.537 0.317 0.193 
P10  0.562 0.748 0.420 0.290 
3.2.3 Upscaling kv/kh for homogeneous facies 
Calculated kv/kh from core are a centimetre to microscale measurement and they are inappropriate for use in 
larger-scale reservoir models. Thus, upscaling of the ratios is required for application to the model 
parameterisation. The following illustrates the rationale and method used to attain upscaled kv/kh: 
1. Some facies did not have any core plug vertical permeability data: 
a. Facies SD was assumed to have the same kv/kh ratios as Facies SC, its next most similar 
sandstone unit 
b. Facies MB, OA and OB were assumed to have the same kv/kh as MA. These facies are all 
very low permeability 
2. Base case vertical permeability curves were generated by multiplying the base-case horizontal 
permeability curves with the mean kv/kh 
3. P10 vertical permeability curves were generated by multiplying the base-case horizontal permeability 
curves with the P10 kv/kh 
4. P90 vertical permeability curves were generated by multiplying the base-case horizontal permeability 
curves with the P90 kv/kh 
5. Permeability curves were then upscaled to 5 m increments, which match model cell thickness: 
a. Vertical permeability curves were upscaled using the harmonic mean of permeability 
b. Horizontal permeability curves were upscaled using the arithmetic mean of permeability 
6. The distribution of upscaled permeability for each facies was displayed and the mean calculated for 
each population where:  
a. For vertical upscaled permeability the P90, base case, and P10 upscaled vertical 
permeability curve, the arithmetic mean was used 
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b. For horizontal upscaled permeability (base case) the upscaled horizontal permeability 
curves, the arithmetic mean was used 
7. The means of the upscaled permeability were then used to calculate reservoir-modelling scale kv/kh 
for each of the various facies (Figure 26) 
Table 16 lists the mean permeability for upscaled curves, and the resultant kv/kh for each facies.  
Table 16 Upscaled kv/kh for homogeneous (single lithology) facies. 
Facies Mean 
upscale
d P90 
vertical 
perm. 
(mD) 
Mean 
upscale
d base 
case 
vertical 
perm. 
(mD) 
Mean 
upscale
d P10 
vertical 
perm. 
(mD) 
Mean 
upscale
d horiz. 
Perm. 
(mD) 
Upscale
d P90 
kv/kh 
Upscale
d base 
case 
kv/kh 
Upscale
d P10 
kv/kh 
SA 168.396 275.386 410.262 1428.076 0.118 0.193 0.287 
SB 1.408 1.713 2.797 67.122 0.021 0.026 0.042 
SC 0.023 0.027 0.074 23.252 0.001 0.001 0.003 
SD 0.001 0.002 0.012 2.092 0.001 0.001 0.006 
MA 0.003 0.005 0.018 0.292 0.009 0.016 0.061 
MB 0.004 0.006 0.036 0.230 0.016 0.025 0.157 
OA/OB 0.001 0.002 0.009 2.081 0.001 0.001 0.004 
 
Figure 26 Histogram showing the distribution of upscaled permeability values and their corresponding 
summary statistics: (A) Horizontal permeability; (B) Vertical permeability. 
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3.3 Heterogeneous facies consisting of interbedded lithologies: 
With reference to section 7.3 and La Croix (2019c), facies SMA and SMB are heterolithic facies that consist 
of alternating thin layers of sandstone and mudstone. In SMA, the proportion of mudstone varies from 10–
50%. In SMB, mudstone proportion ranges from 50–90%. The sandstone beds have very different 
permeability characteristics from the mudstone beds, with sandstones showing much higher porosity and 
permeability in both the horizontal and vertical direction. 
 
As a result of the differing reservoir properties of sandstone and mudstone beds, the following method was 
used to determine the kv/kh for the heterolithic facies SMA and SMB: 
1. Wells with core photographs were examined to determine if core plug samples collected from SMA 
and SMB were dominantly from the sandstone or the mudstone component; 
2.  For each well four histograms were plotted: 
a. Horizontal permeability for sandstone-dominated plugs; 
b. Horizontal permeability for mudstone-dominated plugs; 
c. Vertical permeability for sandstone-dominated plugs; and 
d. Vertical permeability for mudstone-dominated plugs. 
3. The mean permeability from each histogram was calculated; 
4. We assumed three different cases for each SMA and SMB with respect to the overall proportion of 
sandstone versus mudstone: 
a. Case 1: the unit rock has the lowest value of Vshale for the facies; 
b. Case 2: the unit rock has the mid value of Vshale for the facies; and  
c. Case 3: the unit rock has the highest value of Vshale for the facies;  
5. Consider a unit of facies SMA or SMB as shown in Figure 27. The unit facies consists of one layer of 
mudstone and one layer of sandstone: 
a. The horizontal permeability of each layer corresponds to the arithmetic mean of the 
horizontal permeability for that lithology; and 
b. The vertical permeability for each layer corresponds to the harmonic mean of the vertical 
permeability for that lithology; 
6. Calculate the mean vertical and horizontal permeability for cases 1, 2 and 3 in unit blocks of SMA 
and SMB; and 
7. Finally, we calculated kv/kh for each case. The base case, Case 2 was determined to be the most 
representative kv/kh for SMA and SMB. 
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Figure 27 A unit block representing the permeability contributions and averaging techniques used to 
determine kv/kh from facies SMA and SMB. 
 
3.3.1 Results for Facies SMA and SMB 
Only three wells had core photographs to observe the facies visually: Woleebee Creek GW4, Chinchilla 4, 
and Taroom 17. Of these, Woleebee Creek GW4 and Chinchilla 4 wells had vertical and horizontal 
permeability measurements for SMA and/or SMB. However, core plugs from Chinchilla 4 only occurred in the 
sandstone beds within the facies, and therefore did not provide any information regarding the permeability of 
mudstone beds. Thus, the appropriate well for calculating kv/kh for SMA and SMB was Woleebee Creek 
GW4. 
 
Table 17 shows the mean values for horizontal and vertical permeability in the sandstone and mudstone 
beds from SMA and SMB in Woleebee Creek GW4. The corresponding kv/kh derived from the values in 
Table 17 are displayed in Table 18. Table 19 summarises kv/kh for all facies, combining the two methods of 
kv/kh determination. 
Table 17 The mean sandstone and mudstone horizontal and vertical permeability from facies SMA and 
SMB in Woleebee Creek GW4. 
Category Number of samples Mean 
Sandstone- horizontal permeability 62 23.7 
Sandstone- vertical permeability 28 1.66 
Mudstone- horizontal permeability 8 0.080 
Mudstone- vertical permeability 7 0.0016 
Table 18 Upscaled kv/kh for the facies SMA and SMB. 
Facies SMA SMB 
Case Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 
Mudstone 0.1 0.3 0.5 0.5 0.7 0.9 
Sandstone 0.9 0.7 0.5 0.5 0.3 0.1 
Av. kv harmonic 0.015582 0.005227 0.00314 0.00314 0.002244 0.001746 
Av. kh arithmetic 21.33411 16.61092 11.88773 11.88773 7.164538 2.441346 
kv/kh 0.00073 0.000315 0.000264 0.000264 0.000313 0.000715 
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Table 19 Upscaled kv/kh for all facies including homogeneous (single lithology) and heterogeneous (dual 
lithology). Note kv/kh calculations for heterogeneous facies used a different method as described 
in the text previously. 
Facies P90/Least case Base case P10 / max. case 
SA 0.117918 0.192837 0.287283 
SB 0.020978 0.025518 0.041664 
SC 0.000982 0.001181 0.003204 
SD 0.000526 0.000789 0.005668 
SMA 0.000264 0.000315 0.000730 
SMB 0.000264 0.000313 0.000715 
MA 0.009175 0.016365 0.061077 
MB 0.015683 0.025485 0.156916 
OA/OB 0.000716 0.001197 0.004316 
 
3.4 Calculating kv/kh for the regional model 
The regional static reservoir model qA constructed using a different approach than that for the 10x10 km 
sector model. The regional model applied a Vshale -based classification of grid blocks for the purpose of 
populating porosity and permeability (Gonzales et al. 2019b). In contrast, the 10x10 km sector models used 
core and neural-network based facies classification to determine porosity and permeability (La Croix et al. 
2019e). To have internally consistent kv/kh between models, gross approximations were made facies-based 
vs. Vshale -based values. These are displayed Table 20. 
Table 20 Kv/Kh approximations used in the regional static reservoir models. 
Vshale classifier Kv/Kh 
Sandstone 0.2 
Silty Sandstone 0.02 
Siltstone 0.003 
Shale 0.02 
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4. Porosity depth trends 
4.1 Introduction 
A major uncertainty in UQ-SDAAP is in characterising the static and dynamic properties for the notional 
injection sector that occur in the deepest part of the basin where there is a lack of data. We used porosity 
depth trends to extrapolate porosity values to the centre of the basin. These are then used for the calculation 
of permeability. All porosities (total and effective) discussed in this report have been calculated from wireline 
logs. 
We have two sets of models that require different sets of depth trends, as shown in the map in Figure 28. 
The models are: 
• The 10x10 km ‘sector’ models (La Croix et al. 2019e) which were used primarily to investigate 
sensitivities to Transition Zone concepts and poro-perm assumptions. 
• The ‘regional’ static model (Gonzalez et al. 2019b) and the notional injection sector model (Rodger 
et al. 2019b) 
We modelled both total porosity and effective porosity in the 10x10 km sector models (La Croix et al. 2019e). 
Effective porosity was to model pore volume, whereas the total porosity was populated and used to calculate 
permeability using the MAR, Moonie and Central permeability models. Modelling was conditioned to facies 
using probability distribution functions. Thus, sector modelling required: 
• Depth trends of total porosity per facies 
• Depth trends of effective porosity per facies 
For regional and injection models, we used only effective porosity and log-derived Vshale -based facies rather 
than core-derived litho-facies (Gonzalez et al. 2019b).  We required the depth trend for the northern sector to 
guide the porosity distribution in the northern sector. Thus, the regional modelling required: 
• Depth trends for effective porosity per stratigraphic zone in the southern part of the regional model 
• Depth trends for effective porosity per stratigraphic zone in the northern part of the regional model 
All the models used the true vertical depth sub-sea (TVDSS) as the depth reference, and thus, the depth 
trends were created for porosity versus TVDSS. 
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Figure 28 Map showing different models that require porosity-depth trends. 
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4.2 Selecting wells for the southern depth trends 
We performed a depth trend study for the southern portion of the Surat Basin using 49 wells around the 
notional injection sector area. It included: (1) depth trends per stratigraphic zone without reference to facies; 
and, (2) depth trends by facies without reference to the stratigraphic zone. Depth trends by facies required 
the datasets to have litho-facies predictions (MLP_NORM curve) (La Croix et al. 2019c), which decreased 
the number of wells to constrain the analysis of per-facies depth trends from 49 to 29. Table 21 lists the wells 
that were used in the depth trend study for the southern part of the Surat Basin, where wells required the 
MLP_NORM (facies) curve, and the wells penetrated the Blocky Sandstone Reservoir. We added some 
wells near the western border of the Blocky Sandstone Reservoir to supplement the dataset and to improve 
evaluation in the Transition Zone. 
Table 21 List of wells selected for the depth trend study in the southern part of the Surat Basin. 
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ARLINGTON 1 Yes Yes MAXIMA MAX 1 Yes Yes MOONIE39 Yes No 
BENNETT 2 Yes Yes MEANDARRA 1 Yes No MOONIE40 Yes Yes 
BENNETT NORTH 1 Yes Yes MILGARRA 1 Yes Yes MOONIE41 Yes Yes 
BENNETT 1 Yes Yes MOONIE 21 Yes No MOONIE42 Yes Yes 
BENNETT 4 Yes Yes MOONIE 23 Yes No MOONIE44 Yes Yes 
CABAWIN 3 Yes No MOONIE 24 Yes No SUSSEX DOWNS 1 Yes Yes 
CABAWIN 4 Yes No MOONIE 25 Yes No TASMANIA 1 Yes Yes 
DAVIDSON 1 Yes Yes MOONIE 43 Yes Yes COALBAH 1 No No 
FORKES CREEK 1 Yes Yes MOONIE16 Yes No DAYDREAM 1 No Yes 
GIDDI GIDDI 1 Yes Yes MOONIE27 Yes No FAIRYMOUNT 1 No Yes 
GLEN 1 Yes Yes MOONIE28 Yes No GRAIL NORTH 1 No Yes 
GUMS 1 Yes Yes MOONIE31 Yes Yes PALOMA 1 No No 
HAYES CREEK 1 Yes Yes MOONIE33 Yes No REDBANK 1 No No 
HOADLEYS 1 Yes No MOONIE34 Yes Yes WAGGAMBA 2 No Yes 
HUMBUG CREEK 1 Yes Yes MOONIE36 Yes Yes WOODVILLE 1 No Yes 
HUMBUG CREEK 2 Yes No MOONIE37 Yes No    
LEICHHARDT 1 Yes Yes MOONIE38 Yes No    
4.3 Depth trends per facies for 10x10 km sector models 
To establish depth trends for porosity on a per facies basis, we used the same facies groups we used to 
create the permeability equations in the previous report sections. Facies Group 1 consisted of facies SA. 
Facies Group 2 comprised facies SB, SC, SD and SMA. Finally, Facies Group 3 was composed of the 
remaining facies, which are characterised by low permeability. The litho-facies classification scheme is 
described in La Croix et al. 2019c. 
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We created trend lines separately for regions of wells that share the same depth trend pattern – these 
generally corresponded to geographical regions. All wells, regardless of region, shared the same trend line 
for Facies Group 1. In Facies Group 2, the Moonie region and the wells east of the Leichhardt Fault, north 
east of Tasmania 1 show a different depth trend to the rest of the wells in the study. Thus, for Facies Group 
2 in the Transition Zone we excluded Moonie Field and wells east of Leichhardt Fault. These wells are 
highlighted in Table 21. 
We also created depth trends for facies with Vshale less than 0.5 v/v. This had no effect on the results for 
Facies Group 1 due to the Vshale of SA being almost entirely less than 0.5 v/v. In Facies Group 2, values of 
Vshale greater than 0.5 v/v occurred, so we produced a depth trend using data with Vshale less than 0.5 v/v, 
while we assigned a mean value for total and effective porosity for Vshale greater than 0.5. For Facies Group 
3, we assigned a mean value for total and effective porosity. 
We created two different regressions for each depth trend to test how the depth trend might vary; the 
Swanson regression and a linear regression. We also used P90 and P10 envelopes, following the 10% and 
90% quantiles respectively. In most cases there was a good match between the Swanson regression and 
linear regression. The exception was depth trends for effective porosity in Facies Group 2. To deal with this, 
we chose the Swanson regression, as we will discuss in the following sections. For consistency, we used the 
Swanson regression equations for all the depth trends calculated for the sector models. 
A summary of the depth trend equations (Swanson regressions) used in the sector modelling is shown in 
Table 22 below. 
Table 22 Depth trend equations for the 10 km models. 
Facies group Depth trend equation for total 
porosity  
Depth trend equation for effective 
porosity 
Facies Group 1 PHIT= - 4.73e-05 * TVDSS + 0.236 PHIE = - 2.73e-05 * TVDSS + 0.190 
Facies Group 2 (Vshale 
<0.5) 
PHIT = - 9.61e-05 * TVDSS + 0.271 PHIE = - 5.24e-05 * TVDSS + 0.177 
Facies Group 2 (Vshale 
>0.5) 
PHIT = 0.056 v/v PHIE = 0.035 v/v 
Facies Group 3 PHIT = 0.081 v/v PHIE = 0.037 v/v 
4.3.1 Depth Trends for Facies Group 1: SA Facies 
Total Porosity  
Figure 29 shows the total porosity (PHIT) vs. True Vertical Depth Subsea (TVDSS) plot for Facies Group 1, 
with the Swanson, linear, P90 and P10 regressions.  
Table 23 lists the equations of the different regressions. In the depth range of the sector models 
(approximately 1900 to 2100 mTVDSS), there is an insignificant difference between the Swanson and linear 
regression depth trends.  
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Figure 29 Total porosity (PHIT) vs True Vertical Depth Subsea (TVDSS) for Facies Group 1 showing 
different depth trends. 
 
Table 23 Total porosity depth trend equations for Facies Group 1. PHIT is total porosity, TVDSS is True 
Vertical Depth Subsea, and RMSE is root mean square error. 
Regression type Equation R2 RMSE 
Swanson mean PHIT = - 4.73e-05 * TVDSS + 0.236 0.020433 0.029219 
Linear PHIT = - 3.55e-05 * TVDSS + 0.214 0.020432 0.029184 
P10 PHIT = - 3.45e-05 * TVDSS + 0.250 0.020433 0.047615 
P90 PHIT = - 7.61e-05 * TVDSS + 0.253 0.020433 0.045651 
Effective porosity: 
Figure 30 shows the effective porosity (PHIE) vs. True Vertical Depth Subsea (TVDSS) plot for Facies Group 
1, with the Swanson, linear, P90 and P10 regressions. Table 24 lists the equations of the different 
regressions. In this case, the Swanson and linear regression depth trends are overlying. 
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Figure 30 Effective porosity (PHIE) vs True Vertical Depth Subsea (TVDSS) for Facies Group 1 showing 
different depth trends. 
 
Table 24 Effective porosity depth trend equations for Facies Group 1. PHIE is total porosity, TVDSS is 
True Vertical Depth Subsea, and RMSE is root mean square error. 
Regression type Equation R2 RMSE 
Swanson mean PHIE = - 2.73e-05 * TVDSS + 0.190 0.042867 0.028634 
Linear PHIE = - 2.71e-05 * TVDSS + 0.190 0.042865 0.028633 
P10 PHIE = - 2.62e-05 * TVDSS + 0.221 0.042867 0.043357 
P90 PHIE = - 1.97e-05 * TVDSS + 0.139 0.042867 0.048011 
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4.3.2 Depth trends for facies group 2: SB, SC, SD and SMA facies, Vshale < 0.5 v/v 
Total porosity:  
Figure 31 shows the total porosity (PHIT) vs. True Vertical Depth Subsea (TVDSS) plot for Facies Group 2 
(with Vshale values less than 0.5 v/v), with the Swanson, linear, P90 and P10 regressions. Table 25 lists the 
equations of the different regressions. The Swanson and linear regressions are matching in this case. 
Figure 31 Total porosity (PHIT) vs True Vertical Depth Subsea (TVDSS) for Facies Group 2, filter Vshale 
<0.5, showing different depth trends. 
 
Table 25 Total porosity depth trend equations for Facies Group 2, filter Vshale < 0.5 v/v. PHIT is total 
porosity, TVDSS is True Vertical Depth Subsea, and RMSE is root mean square error. 
Regression type Equation R2 RMSE 
Swanson mean PHIT = - 9.61e-05 * TVDSS + 0.271 0.062043 0.046547 
Linear PHIT = - 8.41e-05 * TVDSS + 0.267 0.062043 0.043135 
P10 PHIT = - 8.43e-05 * TVDSS + 0.268 0.062043 0.043135 
P90 PHIT = - 1.26e-04 * TVDSS + 0.289 0.062043 0.067494 
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Effective porosity: 
Figure 32 shows the effective porosity (PHIE) vs. True Vertical Depth Subsea (TVDSS) plot for Facies Group 
2 (with Vshale values less than 0.5 v/v), with the Swanson, linear, P90 and P10 regressions. Table 26 lists the 
equations of the different regressions. The linear regression is more than two porosity units greater than the 
Swanson regression in the depth range of the sector models (1900-2100 m). The linear regression (blue) 
also intersects with the P10 regression (red), thus, we selected the Swanson regression depth trend to 
represent the depth trend for the effective porosity in this case, as it lies in between the P90 and P10 lines.  
Figure 32 Effective porosity (PHIE) vs True Vertical Depth Subsea (TVDSS) for Facies Group 2, filter Vshale 
<0.5 v/v, showing different depth trends. 
 
Table 26 Effective porosity depth trend equations for Facies Group 2, filter Vshale <0.5 v/v. PHIE is total 
porosity, TVDSS is True Vertical Depth Subsea, and RMSE is root mean square error. 
Regression type Equation R2 RMSE 
Swanson mean PHIE = - 5.24e-05 * TVDSS + 0.177 0.0095539 0.048655 
Linear PHIE = - 3.00e-05 * TVDSS + 0.156 0.0095542 0.044984 
P10 PHIE = - 4.52e-05 * TVDSS + 0.185 0.0095539 0.045114 
P90 PHIE = - 7.24e-05 * TVDSS + 0.180 0.0095539 0.067675 
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4.3.3 Porosity for facies group 2: SB, SC, SD and SMA facies, Vshale > 0.5 v/v 
Total porosity: 
Figure 33 shows the probability distribution function for total porosity of facies group 2, for Vshale values 
greater than 0.5 v/v. The graph displays the population statistics, showing an arithmetic mean for total 
porosity of 0.056 v/v. We assigned this value to represent total porosity for the facies of facies group 2 when 
Vshale is greater than 0.5 v/v. 
Figure 33 Probability distribution function for total porosity of Facies Group 2, filter Vshale >0.5 v/v. 
 
Effective porosity: 
Figure 34 shows the probability distribution function for effective porosity of Facies Group 2, for Vshale values 
greater than 0.5 v/v. It also displays the population statistics, showing an arithmetic mean for total porosity of 
0.035 v/v. We assigned this value to represent total porosity for the facies of Facies Group 2 when Vshale is 
greater than 0.5 v/v. 
Figure 34 Probability distribution function for effective porosity of Facies Group 2, filter Vshale >0.5 v/v. 
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4.3.4 Porosity for Facies Group 3: remaining facies 
Total porosity: 
Figure 35 shows the probability distribution function for total porosity of Facies Group 3. It also displays the 
population statistics, showing an arithmetic mean for total porosity of 0.081 v/v. We assigned this value to 
represent total porosity for the facies of Facies Group 3. 
Figure 35 Probability distribution function for total porosity of Facies Group 3. 
 
Effective porosity: 
Figure 36 shows the probability distribution function for effective porosity of Facies Group 3. It also displays 
the population statistics, showing an arithmetic mean for total porosity of 0.040 v/v. We assigned this value 
to represent total porosity for Facies Group 3. 
Figure 36 Probability distribution function for effective porosity of Facies Group 3. 
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4.4 Depth trends for regional model 
4.4.1 Southern region 
To calculate depth trends for the southern part of the regional model, we used porosity data for all the wells 
listed in Table 21. We created depth trends for effective porosity. Total porosity was not modelled in the 
regional models (Gonzalez et al. 2019b). 
We created depth trends for the four different Vshale-based facies used in the regional model, and another 
depth trend where we did not apply a Vshale filter to the data (i.e. all facies grouped together). We used linear 
regressions to calculate all depth trends for the regional model. Table 27 lists the depth trend equations for 
these Vshale-based facies in the Blocky Sandstone Reservoir and in the Transition Zone, for the southern 
region of the regional model. 
Table 27 Depth trend equations for Vshale-based facies for southern part of regional model. 
  Zone Vshale -based facies Depth trend equation 
Blocky Sandstone Reservoir All PHIE = - 1.77e-05 * TVDSS + 0.161 
Vshale ≤ 0.15 v/v PHIE = - 4.01e-05 * TVDSS + 0.218 
0.15 < Vshale ≤ 0.35 v/v PHIE = - 2.01e-05 * TVDSS + 0.148 
0.35 < Vshale ≤ 0.60 v/v PHIE = - 5.65e-06 * TVDSS + 0.076 
Vshale > 0.6 v/v No depth trend 
Transition Zone All PHIE = - 7.56e-07 * TVDSS + 0.065 
Vshale ≤ 0.15 v/v PHIE = - 7.55e-05 * TVDSS + 0.288 
0.15 < Vshale ≤ 0.35 v/v PHIE = - 1.13e-05 * TVDSS + 0.138 
0.35 < Vshale ≤ 0.60 v/v PHIE = - 1.72e-05 * TVDSS + 0.094 
Vshale > 0.6 v/v PHIE = - 9.32e-07 * TVDSS + 0.045 
4.4.2 Northern region 
For the northern region, we selected the wells that had porosities calculated using neutron-density, as these 
produce porosity values with the highest confidence. Table 28 lists the wells we used to create depth trends 
in the northern region of the regional model. Table 29 lists the depth trend equations for these Vshale based 
facies in the Blocky Sandstone Reservoir and in the Transition Zone for the same region. 
Table 28 Wells used to create depth trends for northern region of the regional model. 
Well name Well name Well name 
BURGOYNE 1 HERMITAGE 1 REEDY CREEK INJ4-P 
CANEON 1 KENYA EAST GW7 REEDY CREEK MB3-H 
CHARLIE GW2 MILES 1 SCOTIA 20 
CHARLOTTE GW2 PEAT 12 SCOTIA 9 
COMBABULA 352 MON-P PEAT 15 SLATEHILL 1 
CONDABRI 13 PEAT 27 TRELINGA 1 
CONDABRI INJ2-P PEAT 32 WEST WANDOAN 1 
CONDABRI MB9-H PINEVIEW 1 WOLEEBEE CREEK GW4 
COOCHIEMUDLO GW2 REEDY CREEK INJ2-P REEDY CREEK INJ4-P 
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Table 29 Depth trend equations for Vshale-based facies for northern part of regional model. 
  Zone Vshale-based facies Depth rrend equation 
Blocky Sandstone Reservoir All PHIE = - 5.37e-07 * TVDSS + 0.193 
Vshale ≤ 0.15 v/v PHIE = - 4.39e-06 * TVDSS + 0.208 
0.15 < Vshale ≤ 0.35 v/v PHIE = - 7.87e-06 * TVDSS + 0.157 
0.35 < Vshale ≤ 0.60 v/v No depth Trend 
Vshale > 0.6 v/v No depth Trend 
Transition Zone All PHIE = - 4.22e-06 * TVDSS + 0.092 
Vshale ≤ 0.15 v/v PHIE = - 4.85e-05 * TVDSS + 0.211 
0.15 < Vshale ≤ 0.35 v/v PHIE = - 3.01e-05 * TVDSS + 0.152 
0.35 < Vshale ≤ 0.60 v/v PHIE = - 2.88e-05 * TVDSS + 0.091 
Vshale > 0.6 v/v PHIE = - 1.94e-05 * TVDSS + 0.075 
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5. Petrophysical uncertainties 
5.1 Uncertainties regarding corrections of core data 
The corrections we performed on core data were to transfer the measured values in the laboratory to water 
in-situ reservoir conditions. The core data were mainly derived from the Woleebee Creek GW4 well which 
had extensive coring and plug analysis, but which also had the highest permeability range and highest 
average permeability of any of the wells in the Blocky Sandstone Reservoir (Harfoush et al. 2019b). 
Nevertheless, the Woleebee Creek GW4 well core data was used, due to the lack of necessary data to 
calculate the correction factors from any of the other wells. However, knowing that Woleebee Creek GW4 
has uniquely high core permeability implies that the corrections have bias, causing an uncertainty in core 
corrections then being applied regionally. 
5.1.1 Klinkenberg factor 
The Klinkenberg coefficient is important because it captures how much the water permeability is less than 
the measured air permeability. We have an uncertainty in determining the Klinkenberg factor for the reservoir 
facies due to a lack of data. The only available data was from two wells in the MAR Sector area (West 
Wandoan 1 and Woleebee Creek GW4), and these yielded different results. In the end, we selected the 
Klinkenberg factor from the Woleebee Creek GW4 well, because we interpreted that the Klinkenberg factor 
from the West Wandoan 1 well is affected by clay mobility during testing (Harfoush et al. 2019b).  
We performed a sensitivity analysis using the core data from the Moonie Oil Field, where we calculated the 
reservoir in-situ water permeability using Klinkenberg factors from Woleebee Creek GW4 (0.8307 fraction) 
and West Wandoan 1 (0.5064 fraction). We then derived the permeability equations for both sets of data 
using the porosity-permeability cross-plot regressions. The difference in the permeability calculated from 
both equations was insignificant for the porosity range we have in our model. 
This minor uncertainty can be further mitigated by taking enough core water permeability measurements, 
from core plugs representing each of the sandstone lithofacies (SA, SB, SC, SD, and SMA). 
5.1.2 Permeability pressure dependence 
We derived the factors needed to correct core permeability for overburden pressure from the core data from 
the Woleebee Creek GW4 well (Harfoush et al. 2019b), which showed different characteristics than core 
data across the region, especially for facies SA (section 2.1). Uncertainty lies in the fact that the sandstone 
facies in the notional injection region might be different from the assumed geological scenario model, hence 
the permeability might be over or under estimated. 
We did not undertake a sensitivity analysis to study the effect of this uncertainty. However, the permeability 
logs which we calculated using the core porosity-permeability transforms, reasonably matched the DST data 
in the Moonie oil field (Honari, 2019), giving confidence in the corrections applied to the core permeability 
prior to creating the transforms. 
This minor uncertainty can be further mitigated by taking core overburden permeability measurements from 
core plugs representing all flowing electrofacies (SA, SB, SC, SD, and SMA). 
5.2 Permeability in the Blocky Sandstone Reservoir 
There are important uncertainties that are present with regards to the permeability of the Blocky Sandstone 
Reservoir: The permeability may be lower than expected at the notional injection site, either due to  
(i) depth i.e. overburden related compaction which reduces poro-perms beyond any trend currently 
evidenced; and/or,  
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(ii) diagenesis i.e. it is not unreasonable to expect depth related cementation not seen so far in core 
data. There are some locations in the basin that have shown low permeability, such as the 
Leichhardt Fault Area (section 2.4.2) 
To explore the identified uncertainties in modelling, we conducted sensitivity analysis on: low; base case and 
high permeability, to study how permeability changes affect the dynamic simulation results (Rodger et al. 
2019e, 2019f). 
These uncertainties can be mitigated in the appraisal program by performing a range of data acquisition 
strategies to increase our certainty of the notional injection area. These include: 
• Core 
o Ambient air, water and overburden permeability 
o CO2 injectivity tests 
• Wireline 
o Formation testing (MDT) and straddle formation testing to measure permeability 
o Running DST and pump tests to measure permeability pre and post production 
o Reservoir monitoring to evaluate plume migration and zonal intakes 
5.3 Transition Zone 
5.3.1 Permeability of the Transition Zone at the basin centre 
DSTs, core data, and logs show that in some locations in the basin there are sandstones with relatively high 
permeability. Such examples are the Moonie oil field 56 Sands (i.e. average core water in-situ reservoir 
permeability is 820 mD for the Moonie 13 well), the Bennett 1 well that has high core permeability (140 mD) 
at the bottom of the Transition Zone, and a DST with high kh values also passing through that interval 
(reported as 12,400 mD.ft).  We are uncertain about the quality of the Transition Zone in the centre of the 
basin, where the notional injection sites are located. Regional geological analyses suggest that it becomes 
less sand prone in the basin centre (La Croix et al, 2019a, 2019b: and Gonzalez et al. 2019b). 
This uncertainty can be resolved on appraisal e.g. by performing DSTs in the Transition Zone, in addition to 
extensive core testing, measuring of air permeability, Klinkenberg permeability and overburden permeability 
for core plugs at constant intervals throughout. 
5.3.2 Porosity of the Transition Zone in the basin centre 
In addition to uncertainties which arise out of the geological concept models, there are two main factors that 
give rise to uncertainty to our prediction of porosity in the Transition Zone: 1) the possible presence of 
radioactive sandstones; and, 2) the interactive choice of ‘shale’ parameters. 
Sandstone facies SB, SC and SD that are present in the Transition Zone may have radioactive isotopes (i.e. 
U, K, and Th) which increase the gamma ray measurements, increasing the apparent Vshale as calculated 
from gamma ray. Since effective porosity decreases when Vshale increases, this means that in some areas 
where we have radioactive sandstones, the effective porosity might be underestimated (and thereby also 
permeability). 
This uncertainty is represented in the regional static model by creating the “Transition” Vshale-based facies 
(35% to 65% Vshale). In one instance, this facies used the same permeability and porosity distributions as the 
“other sandstone” facies (15% to 35% Vshale) to represent the presence of radioactive sandstones. In another 
scenario, this facies used the permeability and porosity distribution for the “Shale” Vshale-based facies (more 
than 65% Vshale), to represent mudstones. (Gonzales et al. 2019b and Rodger et al. 2019e, 2019f). 
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Another factor causing uncertainty in estimated porosity in the Transition Zone is the evaluation of the shale 
parameters (Harfoush et al. 2019a). There is no archetypal “regional shale” across the basin from which to 
derive the shale parameters, adding uncertainty to the shale parameters used to calculate porosity.  
These uncertainties can be reduced in the appraisal program by: 
• Running a spectral gamma ray wireline tool for spectral determination of radioactive elements. This will 
add certainty to mineral identification and clay typing 
• Running an elemental spectroscopy wireline tool to provide dry-weight elements, matrix properties and 
lithology, that will help to identify the shale minerology and shale parameters 
• Running more than one method to calculate porosity – for instance, nuclear magnetic resonance, 
density, neutron, and compressional slowness (sonic) 
• Measuring core porosity from drilled core at the Transition Zone for the different facies 
We have also noticed an opportunity within the Transition Zone, represented by the presence of calcite 
cement in the sandstones at some intervals in the wells nearest to the notional injection sites. They were 
detected in the wireline logs as streaks of high density values that are interpreted as low to zero porosity. 
Presence of such cements will reduce the chances of migration of CO2 vertically towards the Ultimate Seal if 
they are laterally continuous. Again, acquiring the above-mentioned logs in the appraisal program will allow 
evaluation of the presence of such cements in the notional injection sites. 
5.4 Erosion of seal 
From wireline logs we can see that in some areas there is a clean sandstone right above the ironstone layer, 
i.e. the top seal at these locations appears to be eroded and down-cut by overlying Hutton Sandstone 
depositional systems. Even though the dynamic simulation sensitivity analysis does not see CO2 reaching 
the base of the Ultimate Seal, this introduces a risk of leaks from the Blocky Sandstone Reservoir through 
the Transition Zone and top of the Ultimate Seal, causing flow or pressure dissipation into the shallower 
aquifer. 
This risk can be evaluated in the appraisal plan by characterising the seal and stratigraphic contact between 
the Evergreen Formation and Hutton Sandstone using core and wireline logs linked to seismic, and by 
performing seismic surveys. 
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7. Appendices 
7.1 Appendix 1: List of DSTs available for UQ-SDAAP and 
utilisation to compare with wireline logs 
Out of the 79 DST tests, we compared only 17 DSTs (the DSTs with good quality) with permeability 
calculated from wireline logs. Table 30 lists the DSTs and whether we were able to compare them with log 
calculated permeability. If we were unable to compare them Table 30 also states the reason why. 
Table 30 Table showing DSTs that were compared with logs, and reasons if we were unable to do a 
comparison. Quality scale: reliable data in green, data to be used with care in yellow and 
unreliable data in red. 
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Reason if not compared 
Arlington 1 2115.5 - 2122.5 
  
Y Y N • DST Interval contains Facies SB 
and SMA 
• SB has a high GR, which might 
be a hot sand or siltstone 
misinterpreted to SB. This 
causes uncertainty to what the 
effective thickness h should be  
Bennett 1 1625.0 – 1632.0   Y Y N • DST results are not reliable 
Bennett 1 1651.0 – 1659.0 
  
Y Y N • DST results are not reliable 
• DST interval is in between two 
zones 
• Predicted electro-facies are of 
low confidence (predicted from 3 
or less logs) 
Bennett 2 1616.3 - 1629.8  
  
Y Y N • Predicted electro-facies are of 
low confidence (predicted from 3 
or less logs) 
Bennett 2 1620.6 - 1625.8   Y Y N • DST results are not reliable 
Bennett 2 1649.0 - 1653.8   Y Y Y - 
Bennett 4 1616.0 - 1620.5   Y Y N • DST results are not reliable 
Bennett 4 1643.0 - 1646.5 
  
Y Y N • DST results are not reliable 
• DST interval is in between two 
zones 
Bennett 4 1650.0 - 1659.3   Y Y Y - 
Bennett North 1 1628.9 – 1638.0   Y Y N • Around 5 ft of the DST interval 
has high Vshale (>0.5) and lie in 
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Reason if not compared 
the Transition Zone, yet 
identified as SA facies 
• Predicted electro-facies are of 
low confidence (predicted from 3 
or less logs) 
Bentley 1 1481.7 - 1521.3 
  
Y Y N • DST interval is in between two 
zones 
Blyth Creek 1 1154.0 – 1164.0 
  
N N N • Well is far from reservoir 
• No electro-facies were predicted 
• DST results are not reliable 
Blyth Creek 1 1165.0 – 1169.0  
  
N N N • Well is far from reservoir 
• No electro-facies were predicted 
• DST interval crosses sub-Surat 
Unconformity 
Brigalow Creek 1 1676.4 - 1685.5   Y N N • DST results are not reliable 
Bulwer 1 1136.3 - 1141.2   Y Y Y - 
Cherwondah 2 1200.0 – 1204.0 
  
N N N • DST results are not reliable 
• Whole DST interval is deeper 
than the Blocky Sandstone 
Reservoir 
Cabawin 2 2039.0 - 2045.4 
  
N N N • Available logs do not reach DST 
interval 
Coalbah 1 2209.6 - 2236.9   Y N N • No electro-facies were predicted 
Colgoon 1 1432.3 - 1437.1 
  
N N N • Stratigraphy is not picked for the  
well 
• DST results are not reliable 
Dulacca 1 1584.0 – 1589.0   Y Y Y - 
Ferrett 1 1579.0 - 1582.5 
  
Y Y N • DST results are not reliable 
• DST interval is in between two 
zones 
Giligulgul 1 1300.0 - 1305.5   N Y Y - 
Humbug Creek 1 1646.8 - 1650.8   Y Y Y - 
Humbug Creek 1 1646.5 - 1656.6 
  
Y Y N • Less reliable than the other 
Humbug Creek 1 DST 
Inglestone 1 2185.4 – 2196.0   N N N • No electro-facies were predicted 
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Reason if not compared 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
Leichhardt 1 1676.4 – 1681.0 
  
Y Y N • Predicted electro-facies are of 
low confidence (predicted from 3 
or less logs) 
Leichhardt 1 1677.9 - 1685.5 
  
Y Y N • Predicted electro-facies are of 
low confidence (predicted from 3 
or less logs) 
Leichhardt 1 1706.9 – 1719.0 
  
Y Y N • DST results are not reliable 
• Predicted electro-facies are of 
low confidence (predicted from 3 
or less logs) 
• DST interval is in between two 
zones 
Mackie 1 1144.5 – 1149.0   N N N • DST results are not reliable 
Marmadua 2 1348.7 - 1362.5   N N N • DST results are not reliable 
Mascotte 1 1187.0 – 1197.0 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
Meribah 1 1985.2 - 1991.6 
  
N N N • DST results not reliable 
• No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
Merrit 1 1269.0 – 1289.0   Y Y Y - 
Moonie 1 1719.0 - 1722.7 
1724.0 - 1725.5 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 13 1769.7 – 1774.0 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 13 1731.8 - 1735.0   N N N • DST results are not reliable 
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Reason if not compared 
Moonie 15 1718.8 - 1726.4   N N N • DST results are not reliable 
Moonie 16 1785.2 - 1794.7 
  
Y N N • No facies are predicted for 
Moonie 16 
• Part of the DST interval is above 
the Blocky Sandstone Reservoir 
(B.S.R. interval is from 1792 – 
1836 m MD) 
• Thus there is no permeability log 
calculated for the top of the DST 
interval of the zone, as it lies in 
the Transition Zone, and electro-
facies (MLP_NORM) curve is 
required to calculate 
permeability 
Moonie 19 1727.6 – 1738.0 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 2 1719.6 - 1729.0 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 20 1721.2 - 1733.7   N N N • DST results are not reliable 
Moonie 21 1716.0 - 1734.3 
  
Y N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
Moonie 23 1774.8 - 1780.7   Y N Y - 
Moonie 24 1800.0 -1806.0   Y N N • DST results are not reliable 
Moonie 25 1797.5 - 1803.5   Y N Y - 
Moonie 26 1767.5 - 1770.3 
  
N N N • DST results are not reliable 
• Wireline logs were not evaluated 
Moonie 27 1717.8 – 1727.0 
  
Y N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
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Reason if not compared 
Moonie 28 1723.0 - 1730.3 
  
Y N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
Moonie 28 1766.2 - 1769.3   Y N Y - 
Moonie 29 1718.2 - 1723.6 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 29 1723.6 - 1728.2 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 3 1778.5 - 1787.7 
  
N N N • DST results are not reliable 
• No electro-facies were predicted 
• Wireline logs were not evaluated 
• DST interval is in between two 
zones 
Moonie 31 1728.8 - 1733.4   Y Y Y - 
Moonie 32 1728.2 - 1733.7   N N N • DST results are not reliable 
Moonie 32 1723.6 - 1728.2 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
• Wireline logs were not evaluated 
Moonie 33 1764.1 - 1767.1 
  
Y Y N • Potential flow rate miscalculation 
in DST analysis due to gas 
phase production during test 
• Top part of DST interval is 
assigned facies SMA  
Moonie 33 1770.2 - 1773.2 
  
Y Y N • Potential flow rate miscalculation 
in DST analysis due to gas 
phase production during test 
• Top part of DST interval is 
assigned facies SB 
Moonie 33 1773.2 - 1776.3   Y Y Y - 
 UQ-SDAAP | Integrating petrophysics into modelling 79 
 
W
e
ll 
D
S
T
 in
te
rv
a
l (m
 
M
D
) 
D
S
T
 q
u
a
lity
 
L
o
g
s
 
e
v
a
lu
a
te
d
?
 
M
L
P
_
N
O
R
M
 
p
re
s
e
n
t?
 
D
S
T
s
 c
o
m
p
a
re
d
 
w
ith
 lo
g
s
?
 
Reason if not compared 
Moonie 34 1773.9 - 1776.9 
  
Y Y N • DST results are not reliable; 
• There was insufficient shut in 
time to reach steady state 
Moonie 34 1776.9 – 1780.0   Y Y Y - 
Moonie 34 1771.7 - 1774.5   Y Y N • DST results are not reliable 
Moonie 38 1720.6 – 1727.0 
  
Y N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electrof-acies log 
(MLP_NORM) is required 
Moonie 39 1719.0 - 1735.2 
  
Y Y N • MTR not clear in DST analysis 
(log-log plot) 
Moonie 8 1774.0 – 1780.0 
  
N N N • DST interval is in between two 
zones 
• No electro-facies were predicted 
• Wireline logs were not evaluated 
Paloma 1 2277.2 - 2338.1 
  
Y Y N • DST interval crossed sub-Surat 
unconformity 
Pickanjinnie 10 1244.0 – 1262.0 
  
N N N • DST interval between MFS1 and 
sub-Surat unconformity, thus 
electro-facies log (MLP_NORM) 
is required 
• No electro-facies were predicted 
Pineview 1 1340.2 – 1342.0   Y Y Y - 
Range 1 1147.9 - 1165.2   N N N • DST results are not reliable 
Rockwood 1 1143.0 – 1159.0 
  
N N N • No porosity log was calculated 
as the compressional slowness 
log is bad 
Rockwood 1 1185.0 – 1197.0 
  
N N N • No porosity log was calculated 
as the compressional slowness 
log is bad 
Stakeyard 2 1229.0 - 1248.0 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
Surlick Creek 1 1316.0 – 1335.0 
  
N N N • No electro-facies were predicted 
• DST interval is in Transition 
Zone, thus electro-facies log 
(MLP_NORM) is required 
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Reason if not compared 
Tey 1 1566.7 - 1569.7 
  
N N N • DST results are not reliable 
• Wireline logs were not evaluated 
Tinhut 1 834.0 – 858.0 
  
N N N • DST results are not reliable 
• No electro-facies were predicted 
• Facies log required since DST 
Interval DST interval is in 
Transition Zone, thus electro-
facies log (MLP_NORM) is 
required 
Trelinga 1 982.0 – 1002.0   Y Y Y - 
Undulla 1 1693.0 - 1721.2 
  
N N N • DST results are not reliable 
• Wireline logs were not evaluated 
Wingnut 2 1136.9 - 1147.6 
  
Y Y N • DST interval crossed sub-Surat 
unconformity 
Woleebee Creek 
GW4 
1468.0 - 1478.7 
  
Y Y Y - 
Woleebee Creek 
GW4 
1468.6 - 1573.6 
  
Y Y Y - 
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7.2 Appendix 2: Log/ DST comparison for MAR and Woleebee 
Creek permeability scenarios 
Table 31 Comparison between DST and log permeability in Blocky Sandstone Reservoir for MAR 
permeability scenario. 
Well DST interval DST data Comment k.h. from logs 
(mD.ft)  
k.h 
(mD.ft) 
h(ft) k(mD) 
Bulwer 1 1136.3-1141.2 7030.70 16 439.42 Agreed 436.5 
Dulacca 1 1584.0-1589.0 1265.86 16 79.12   Agreed 78.42 
Giligulgul 1 1300.0-1305.5 110.75 10 11.08 Agreed 10.66 
Table 32 Comparison between DST and log permeability in Blocky Sandstone Reservoir for Woleebee 
Creek permeability scenario. 
Well DST interval DST data Comment k.h. from logs 
(mD.ft)  
k.h 
(mD.ft) 
h(ft) k(mD) 
Woleebee Creek 
GW4 
1468.0 - 1478.7 86128.32 35 2458 Agreed 2473.4 
7.3 Appendix 3: Electrofacies – summary of characteristics 
Table 33 A summary of the characteristics of the 10 wireline log facies (after La Croix et al, 2019c). 
Logging 
facies  
Core 
Description 
GR(API) DEN(g/cm3) NEU(%) SONIC(us/f) LLD(ohmm) PDPE(B/E) 
SA >90 sand 19.4-27.4/26.4 2.26-
2.34/2.32 
0.26-
0.32/0.30 
76.1-79.1/78.2 5.3-89.3/23.5 1.69-
2.04/1.78 
SB >90 sand 75.3-97.6/85.9 2.33-
2.41/2.37 
0.25-
0.29/0.26 
77.3-81.2/78.9 16.6-27.6/17.6 2.08-
2.48/2.29 
SC >90 sand 96.4-118.6/113.7 2.45-
2.53/2.50 
0.20-
0.27/0.23 
78.8-85.8/82.8 2.8-16.1/10.7 2.45-
2.83/2.68 
SD >90 sand 88.4-116.4/106.6 2.39-
2.45/2.42 
0.39-
0.48/0.42 
97.8-
107.4/101.2 
2.28-3.06/2.58 2.80-
3.36/2.98 
SMA 70%>sand>30% 91.9-118.8/98.4 2.40-
2.48/2.46 
0.26-
0.32/0.26 
77.1-91.2/79.32 2.28-24.7/6.13 2.39-
2.84/2.41 
SMB 30%>sand>10% 120.4-
144.4/129.1 
2.39-
2.49/2.43 
0.29-0.36-
0.33 
89.5-97.3/93.1 1.96-7.36/3.63 2.23-
2.83/2.56 
MA >90% mud; 
Silt and clay 
136.1-
154.1/142.7 
2.45-
2.52/2.47 
0.24-
0.31/0.28 
79.2-86.4/85.3 3.26-6.26/4.15 2.58-
2.89/2.76 
MB >90% mud; 
Silt and clay 
112.4-
127.2/120.4 
2.40-
2.45/2.44 
0.41-
0.49/0.45 
99.6-
107.7/103.4 
2.36-3.02/2.65 2.68-
3.12/2.89 
OA COAL 88.9-119.9/108.7 2.12-
2.28/2.19 
0.31-
0.48/0.40 
87.5-104.3/95.9 3.26-
25.5/11.26 
2.03-
2.18/2.11 
OB Oolitic ironstone 30.4-87.4/66.5 2.71-
2.98/2.91 
0.04-
0.24/0.13 
68.8-87.8/84.2 3.06-
29.06/7.86 
5.72-
8.72/6.98 
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